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ABSTRACT 
 
One-Year Evaluation of the Wellness in the Schools Program on  
School Lunch Consumption of Fruits, Vegetables, and Salad Bar Items in  
Urban Elementary Students 
 
Yi Han Ang 
 
Children in the United States do not eat enough fruits and vegetables to meet current 
dietary guidelines of 1 to 1.5 cups of fruits, and 1.5 to 2 cups of vegetables. Fruits and vegetables 
are an important source of various nutrients, and higher consumption of fruits and vegetables 
help children meet adequate nutrition needs for physical growth, and to lower risk of various 
chronic diseases such as cancer and cardiovascular diseases. School-based nutrition or wellness 
intervention programs by local governments or non-profit organizations are part of the multi-
prong approach to help increase fruit and vegetable consumption in children.  
One such school-based wellness intervention program based in New York City is 
Wellness In The Schools (WITS). WITS is a non-profit organization with the aim of 
implementing programs in schools that help facilitate healthy eating and positive group play in 
children. The two main arms of the WITS programming is the Cook for Kids and Coach for Kids 
programs. Overall, the goal of the WITS Cook for Kids program is to increase fruit and 
vegetable consumption, decrease processed foods consumed, and improve the perception of 
school lunch; the goal of the WITS Coach for Kids program is to increase physical activity, 
increase pro-social behaviors and team-based activities, and decrease schoolyard bullying at 
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recess. A WITS Chef and a WITS Coach are placed in each school and work alongside school 
food and recess aids on every school day during the first year of intervention. 
This dissertation study investigated the impact of one-year of WITS programming, as 
well as school lunch environmental factors, on school lunch consumption of fruits, vegetables, 
and salad bar items, in 2nd and 3rd grade students. The study utilized a non-randomized controlled 
trial design, with seven intervention schools receiving the WITS programming, and seven 
matched control schools. Intervention schools received the WITS programming starting from 
September 2015 that continued through the last week of June 2016 when the school year ended, 
while control schools did not receive any WITS programming. This study is significant in that it 
evaluated a real-world health program using a large sample of schools with match controls, along 
with using valid and reliable methods assessing multiple outcome measures of food consumption 
and environmental factors. WITS intervention and Control schools in this study were in an urban 
setting with high percentage of minority and high percentage poverty.  
The first research question explored the differences in consumption of fruits, vegetables, 
and salad bar items at school lunch for 2nd and 3rd grade students. Comparisons were made 
between WITS intervention schools and Control schools, 2nd grade students and 3rd grade 
students, and girls and boys, after one year of the WITS intervention programming. School lunch 
food on tray and consumption of students was assessed by observation over three school days for 
each school at Time 0 and Time 1 study time periods. About thirty students were observed each 
observation day for each school, totaling over 1300 student observations each study time period.  
The second research question focused on testing the impact of various school lunch 
environmental factors on 2nd and 3rd grade students’ consumption of fruits, vegetables, and salad 
bar items at school lunch. The school lunch environmental factors included: time duration of 
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school lunch, wait time before getting school lunch, order of lunch and recess, pre-plating of 
fruits on lunch trays, slicing of fruits, whole fruits in an attractive serving bowl, number of fruit 
options, position of vegetables in lunch line, pre-plating of vegetables on lunch trays, number of 
vegetable options, position of salad bar, and number of salad bar items. These school lunch 
environmental factors were assessed using observation. 
This study found that there were no differences in consumption of fruits, vegetables, and 
salad bar items between WITS intervention schools and Control schools at Time 0 or at Time 1. 
This study did find that 3rd grade students ate more fruits and salad than 2nd grade students, when 
analyzed for only students who had the food item on the tray and when analyzed for all students. 
Students in 3rd grade ate significantly more vegetable than students in 2nd grade, analyzed within 
students that had vegetable on tray. Additionally, more 3rd grade students had any salad on tray 
than 2nd grade students. This study also found that across all students, girls ate more fruits and 
salad than boys. More girls had any fruit and salad on tray than boys, and across all students, 
more girls ate any fruit and salad than boys.   
Having lunch after recess, and slicing or pre-cutting of fruits were found to have a 
significant positive correlation with fruit consumption across all students. However, displaying 
whole fruits being served in an attractive serving bowl were found to have a significant negative 
correlation with fruit consumption across all students. Pre-plating of vegetables on lunch trays, 
and having two or more vegetable options were found to have a significant positive correlation 
with vegetable consumption across all students. Only wait time before getting school lunch was 
found to have a significant positive correlation with salad consumption across all students. 
The WITS programming might not have been executed in full due to real-world 
limitations, which may have contributed to the lack of differences in fruit, vegetable and salad 
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consumption between WITS intervention and Control schools. Future review of the level of 
implementation of all the components of the WITS programming would allow for improvements 
in the execution of the programming. The findings from this study also indicate that some school 
lunch environmental factors could have strong influences on the consumption of fruits, 
vegetables, and salad bar items. Interventions working on increasing fruit and vegetable 
consumption could thus consider incorporating steps to manipulate these factors to improve the 
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Children in the United States (US) do not eat enough fruits and vegetables to meet 
current dietary guidelines of 1 to 1.5 cups of fruits, and 1.5 to 2 cups of vegetables per day 
(Dietary Guidelines Advisory Committee, 2015). National Cancer Institute found that for 
children between 4 to 8 years of age, 50% of boys and 68% of girls are consuming less than the 
recommended servings of fruits, and 95% of both genders are consuming less than the 
recommended servings of vegetables (National Cancer Institute, 2015). Fruits and vegetables are 
an important source of various nutrients, and higher consumption of fruits and vegetables have 
been theorized to help children meet adequate nutrition needs for physical growth (Tylavsky et 
al., 2004; Vatanparast et al., 2005). Higher consumption of fruits and vegetables, not just as 
adults, but also during childhood, has also been associated with lower risk of various chronic 
diseases such as cancer, cardiovascular diseases and even Crohn’s disease (Amre et al., 2007; 
Boeing et al., 2012; Mikkila et al., 2004; Slavin & Lloyd, 2012; Van Duyn & Pivonka, 2000; 
World Cancer Research Fund / American Institute for Cancer Research, 2007). Low 
consumption of fruits and vegetables during childhood is predictive of future consumption 
patterns (Branen & Fletcher, 1999; Wadhera et al., 2015). Positive habit formation from a young 
age can also help maximize the number of years that individuals meet adequate nutrition from 
fruit and vegetable consumption, and ensure optimal physical and cognitive development. Early 
exposure to messaging and interventions to increase fruits and vegetables can potentially bring 
about positive long-term habit formation that bring about lasting positive health effects.  
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National campaigns have been implemented over the years as part of the efforts to 
increase consumption of fruits and vegetables in the US population. These national campaigns 
included “5 A Day for Better Health” rebranded as “Fruits & Veggies – More Matters” by 
Produce for Better Health Foundation, “Let’s Move” by former first lady Michelle Obama, 
MyPyramid or MyPlate by United States Department of Agriculture (USDA), and “Healthy 
People” by the United States Department of Health and Human Services (HHS). Despite some of 
these large-scale national campaign efforts, we have not seen a significant increase in 
consumption of fruits and vegetables in Americans over the years (Produce for Better Health 
Foundation, 2010, 2015). This is perhaps due to the complexity of factors that may potentially 
influence fruit and vegetable consumption (Larson et al., 2007; Reinaerts et al., 2007; Reynolds 
et al., 1999b).  
School-based interventions and policies to promote fruits and vegetables can complement 
large-scale national campaigns and better target children. There are 35 million children in the US 
attending public elementary schools with grades prekindergarten through 8th grade (National 
Center for Education Statistics, 2016). Schools are uniquely positioned to promote healthy eating 
because they educate and socialize children (Education Encyclopedia) and because they are 
major sources of food access, contributing up to 50% of many students’ daily energy intake 
(Briefel et al., 2009; U.S. Department of Health and Human Services and U.S. Department of 
Agriculture, 2015). Examples of federal-level school-based programs include “USDA Fresh 
Fruit and Vegetable Program”, “Chefs Move to Schools Program”, “Salad Bars to Schools 
Program”, “Farms-to-Schools Grant Program”, and “FoodCorps” (Kraak et al., 2013). As part of 
the Healthy, Hunger Free Kids Act (HHFKA) authorized in 2010, new USDA Nutrition 
Standards in the National School Lunch and Breakfast program increased the portion sizes of 
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fruits and vegetables served with the aim to increase the amount of fruits and vegetables that 
children consume (United States Department of Agriculture, 2012b).  
School-based nutrition or wellness intervention programs by local governments or non-
profit organizations are also part of the multi-prong approach to promote fruit and vegetable 
consumption in children. One such school-based wellness intervention program based in New 
York City (NYC) is Wellness in the Schools (WITS). WITS is a non-profit organization with the 
aim of implementing programs in schools that help facilitate healthy eating and positive group 
play in children. The two main arms of the WITS programming is Cook for Kids and Coach for 
Kids. Overall, the goal of the WITS Cook for Kids program is to increase fruit and vegetable 
consumption, increase scratch-cooked meals and decrease processed foods consumed, and 
improve the perception of school lunch; the goal of the WITS Coach for Kids program is to 
increase physical activity, increase pro-social behaviors and team-based activities, and decrease 
schoolyard bullying at recess. A WITS Chef and a WITS Coach are placed in each school and 
worked alongside school food and recess aids on every school day during the first year of 
programming. 
This study focused on the impact of one-year of WITS programming on school lunch 
consumption of fruits, vegetables, and salad bar items, in 2nd and 3rd grade students. This study 
was part of a larger main study evaluating the impact of two years of WITS programming on 
school lunch consumption, physical activity levels and social interactions at recess, school 
environmental factors, and students’ readiness to learn in class, in New York City low-income 
urban elementary school students. The main study was a non-randomized controlled trial, with 
seven intervention schools receiving the WITS programming, and seven matched controls.  
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This study will provide needed evidence on the impact of a national school-based 
intervention that is currently reaching more than 50,000 students daily in over 100 public schools 
across the US (Wellness in the Schools). Findings from this current investigation will help 
inform schools that are looking to acquire WITS about the expected impact of the program on 
increasing fruit and vegetable consumption. At the same time, the findings could provide insight 
into how the WITS programming could potentially be improved to more effectively promote 
fruit and vegetable consumption in the future.  
 
1.2 Background and Rationale of the Study  
  
1.2.1 Low fruit and vegetable consumption in children 
Fruit and vegetable consumption is low in the US across all age groups and both genders. 
As detailed in the United States Department of Agriculture (USDA) Dietary Guidelines, the 
recommended daily intake of fruits is 1 to 1.5 cups, and the recommended daily intake of 
vegetables is 1.5 to 2 cups, for children between 4 to 8 years of age (Dietary Guidelines 
Advisory Committee, 2015). The National Cancer Institute (NCI) conducted the latest analysis of 
intakes of foods from various food groups in the US population from 2007 to 2010. For children 
between 4 to 8 years of age, 50% of boys and 68% of girls are consuming less than the 
recommended servings of fruits, and 95% of both genders are consuming less than the 
recommended servings of vegetables (National Cancer Institute, 2015). NCI also found that for 
children of both genders between 4 to 8 years of age, mean daily total consumption of fruit 
(including 100% fruit juice) was 1.2 cups, and mean daily total consumption of vegetable 
(including beans and peas) was 0.8 cups (National Cancer Institute, 2015). This low consumption 
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of fruits and vegetables in children of lower elementary school age has not changed much from 
data collected in years 2001 to 2004 (National Cancer Institute, 2016). 
This trend of low fruit and vegetable consumption in the US has not improved over the 
years when looking at the population as a whole across all age groups (Bertoia et al., 2015; 
Casagrande et al., 2007), and when looking at just youths (Herrick et al., 2015; Kim et al., 2014; 
Larson et al., 2007). Additionally, prior literature also suggests that minority children of low 
socioeconomic positions have an increased risk of inadequate fruit and vegetable consumption 
(Kann et al., 2016; Rasmussen et al., 2006; Reynolds et al., 1999a). Such trends are disturbing 
since fruits and vegetables are an important source of various nutrients, and the higher 
consumption of fruits and vegetables have been associated with lower risk of various chronic 
diseases.  
Fruits and vegetables contain high concentrations of vitamins A and C, antioxidants and 
phytochemicals, which could significantly contribute to the mechanisms in the reduction of 
cancer risks (Goyal et al., 2013; Van Duyn & Pivonka, 2000). Extensive review of the literature 
has concluded that higher fruit and vegetable consumption helps significantly decrease cancer 
risks (Van Duyn & Pivonka, 2000; World Cancer Research Fund / American Institute for Cancer 
Research, 2007). Fruits and vegetables are also the primary source of dietary fiber. Fiber intake, 
which is highly correlated with fruit and vegetable consumption, has also been found to be 
associated with decreasing cancer risks, specifically for colorectal cancer (Van Duyn & Pivonka, 
2000; World Cancer Research Fund / American Institute for Cancer Research, 2007). The high 
fiber content from diets that include adequate or high fruits and vegetables have also been found 
to decrease the risk for cardiovascular diseases and strokes (Van Duyn & Pivonka, 2000). 
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Fruits and vegetables are also a significant source of calcium in children’s diets, 
contributing about 7% of total dietary calcium intake (Iuliano-Burns et al., 1999). Green leafy 
vegetables and certain legumes are also a good source of vitamin K (Booth et al., 1993). Meeting 
calcium and vitamin K needs both contribute to better bone health, with vitamin K crucial in the 
process of binding calcium into the bone matrix. High fruit and vegetable intake has been found 
to be a strong contributor to higher bone mineral density in boys (Vatanparast et al., 2005) and 
girls (Tylavsky et al., 2004). A proposed theory is that high consumption of fruits and vegetables 
increases body calcium levels also by decreasing urinary calcium loss, on top of being a source 
of dietary calcium (Tylavsky et al., 2004).   
Overall, these findings from reliable large-scale epidemiological studies suggest that 
the majority of children in the US are not meeting fruit and vegetable recommendations this 
trend has persisted over the years. Not meeting current fruit and vegetable recommendations 
places these children at increased risk for long-term health complications and chronic 
diseases. Working on effective long-term solutions to promote fruit and vegetable consumption 
is thus a crucial need to improve population health outcomes.  
 
1.2.2 Targeting increase in fruit and vegetable consumption during childhood 
Low consumption of fruits and vegetables during childhood is predictive of future 
consumption patterns later in life (Branen & Fletcher, 1999; Lytle et al., 2000; Mikkila et al., 
2005; Wadhera et al., 2015). Children thus not previously meeting nutrition adequacies are more 
likely to fall even further behind since behaviors are unlikely to change rapidly without any 
active interventions. Positive habit formation from a young age can thus help maximize the 
number of years that individuals meet adequate nutrition from fruit and vegetable consumption, 
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and ensure optimal physical and cognitive development. Early exposure to messaging and 
interventions to increase fruits and vegetables can potentially bring about positive long-term 
habit formation that bring about lasting positive health effects. Studies in both experimental 
laboratory-based and naturalistic settings have found that repeated exposures via tastings of 
foods such as fruits and vegetables, can help increase children’s food preference and also food 
consumption (Cooke, 2007; Cooke et al., 2004; Lakkakula et al., 2011; Skinner et al., 2002; 
Wardle et al., 2003a; Wardle et al., 2003b).  
Schools are a logical and practical location for implementation of early exposure nutrition 
intervention programs targeted at increasing consumption of fruit and vegetables in children. 
School-age children also spend a bulk of their waking hours in schools than at home. Schools are 
uniquely positioned to promote healthy eating because they educate and socialize children 
(Education Encyclopedia) and because they are a major sources of food access, contributing up 
to 50% of many students’ daily energy intake (Briefel et al., 2009; U.S. Department of Health 
and Human Services and U.S. Department of Agriculture, 2015). School-based nutrition 
intervention programs thus allow for easy accessibility to the target population. 
Schools are a consistently structured high-learning environment, and also present 
opportunities for children to socialize with large groups of other children and learn social norms 
(Education Encyclopedia). Children in elementary schools are also in the middle childhood stage 
defined as between the ages of 6 and 12, whereby they are also starting to gain independence and 
establish a stronger identity of self apart from their family (Education Encyclopedia). Children in 
middle childhood are also young enough to not be set in their ways and thus malleable for 
behavior changes and new habit formation, while not too young that targeted nutrition education 
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might not be comprehended. Middle childhood thus presents a prime opportunity for 
interventions targeted at increasing fruit and vegetable consumption in children. 
Overall, the unique conditions in elementary schools along with findings from previous 
research suggest that schools are uniquely positioned to promote fruit and vegetable 
consumption. This is particularly important since children in elementary schools are at a 
critical age when positive dietary habits, which could track into adulthood, are still being 
formed.  
 
1.2.3 Efficacy of school-based nutrition interventions: A focus on changing school meals and 
placing chefs in schools 
Various school-based nutrition interventions have been implemented over the years with 
the aim of increasing children’s consumption of fruit and vegetable or improving their overall 
diet quality. These nutrition interventions can differ in the approaches that they employ. 
Interventions have included placing chefs to work in the school kitchen and/or implementing a 
menu change, conducting cooking classes, conducting tasting sessions with specific fruit and 
vegetable items, and nutrition education sessions that promote healthy dietary behavior changes. 
Evaluations of the long-term effects of these school-based programs and policies are still 
ongoing and some have found promising results. 
School meals are often a target of nutrition interventions that work on improving 
children’s diet, particularly for increasing consumption of fruits and vegetables. There are 35 
million children in the US attending public elementary schools with grades prekindergarten 
through 8th grade (National Center for Education Statistics, 2016). The School Breakfast 
Program (SBP) and the National School Lunch Program (NSLP) serve 14 million and 30.5 
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million students respectively each day, in over 90,000 institutions across the US (Association, 
2016). For some children that stay for after-school programs, they could also get their third meal 
from school with the school after-school snack/supper program. School breakfast and school 
lunches contain 350-500 and 550-650 calories respectively (USDA, 2012b), which would sum to 
over 50% of the daily 1200 to 2200 required for children aged 4-11 years old (Briefel et al., 
2009; U.S. Department of Health and Human Services and U.S. Department of Agriculture, 
2015).  
School meals are designed to provide balanced nutrition and appropriate amount of 
calories. The NSLP in the US provides food items that cover the five MyPlate food groups of 
grain, protein (meat or meat alternative), fruit, vegetable, and dairy. As part of the Healthy, 
Hunger Free Kids Act (HHFKA) authorized in 2010, new USDA Nutrition Standards in the 
National School Lunch and Breakfast program were implemented starting in the 2012-2013 
school year (USDA, 2012b). These new nutrition standards for national school meals improved 
even more from previous standards and now better match with the standards outlined in the 2010 
Dietary Guidelines for Americans. As part of the new standards, whole grain availability, and the 
portion sizes of fruits and vegetables served were increased. Total calories and sodium levels 
were also adjusted for different age groups, and trans fats were removed.  
A recent study found that with the new implementation of these nutrition standards, the 
nutrition quality of the foods selected for school lunch also improved (Johnson et al., 2016). This 
increase in nutrition quality is likely due to increased availability of whole grain food items and 
increases in portions and variety of fruits and vegetables served as part of the new nutrition 
standards. The study did not measure consumption but did assume that increases in selection of 
foods should lead to increases in consumption. Multiple studies have also found that the 
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nutritional quality of school lunches are better than packed lunches brought from outside of 
school (Au et al., 2016; Bergman et al., 2014; Farris et al., 2014; Farris et al., 2015). Targeting 
children to increase adoption and consumption of school meals in replacement of non-school 
food could thus theoretically improve children’s diet and nutrition.  
Placing chefs or culinary graduates to work in schools with children could be an 
efficacious intervention for many reasons. The key role that chefs play in these intervention 
programs is to help transform school meals. As nutritious as school meals could be, anecdotally 
school meals have been reported to suffer from a negative reputation of being unappetizing 
tasting and unattractive looking (Ferroni, 2014). Chefs revamping the taste and presentation of 
school meals could help increase the appeal of school meals and hopefully leading to increased 
consumption of school meals. Instead of just simply heating up highly-processed food items, 
chefs could also scratch-cook meals from whole food ingredients, which could also be just as 
cost-effective (Woodward-Lopez et al., 2014). Nutrition knowledge also might not be strong 
amongst teachers for them to adequately conduct nutrition education sessions that are effective at 
motivating children to eat more healthfully. Chefs might not specifically be nutrition educators, 
but do possess nutrition background that can help them spark off enthusiasm in children to eat 
more fruits and vegetables.  
A study by Cohen et al. (2015) tested the impact of improving the lunch menu with a 
chef, along with changing choice architecture in the school cafeteria that can help nudge 
selection and consumption behaviors of students in elementary and middle schools (Cohen et al., 
2015). The randomized controlled trial utilized a two-by-two factorial design, assigning two 
schools to receive the chef-enhanced menu, four schools to receive the smart café choice 
architecture improvements, and two schools to receive both interventions. The remaining six 
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schools served as control schools that did not receive any interventions. The study used weighing 
of plate waste for 6 nonconsecutive days, with 2 each during baseline, 3 months post-
intervention and 7 months post-intervention period. After 7 months of first introducing the 
intervention, the study found that the four schools with the chef-enhanced menu (alone or with 
smart café choice architecture improvements) had higher selection and consumption for both 
fruits and vegetables.  
Chefs placed in schools could also conduct cooking classes if it is part of the intervention 
design. Alternatively, any other trained intervention program staff member could also conduct 
such cooking classes. The aim of cooking classes with children is to help increase exposure to 
certain targeted foods of interest, such as specific fruit or vegetable items. These cooking classes 
combine hands on cooking activities with opportunities to taste ingredients and dishes made with 
fruits and vegetables, and children could learn to become more familiar with them. 
Hersch et al. (2014) conducted a systematic review evaluating the effect that cooking 
classes have on children’s food-related preferences, attitudes and behaviors (Hersch et al., 2014). 
The review covered various cooking intervention programs, such as Cookshop and the LA 
Sprouts program. The review found weak impact of cooking classes on increasing fruit and 
vegetable consumption. One of the studies reviewed was an evaluation of the Cookshop program 
by Quinn et al. (2003). The study found that 81 students that received the intervention and that 
were assessed, ate on average 2.1 servings of fruit, which was significantly more than the 
average of 1.6 servings consumed by the 68 students in the control group that completed the 
assessment (Quinn et al., 2003). The study also found that the students in the intervention group 
consumed on average 14.2 mg of fiber, which was significantly more than the average of 11.9 
mg of fiber consumed by the students in the control group. Not included in the review by Hersch 
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et al. (2014) is an older study by Liquori et al. (1998) that found that Cookshop cooking classes 
had a main effect in increasing the consumption of whole grains and vegetables, for both 
younger (Kindergarten to 3rd grade) and older (4th to 6th grade) students, but more so for older 
students (Liquori et al., 1998).   
 Overall, these findings from previous research suggest that school-based interventions 
that focus on changing the school lunch menu, placing chefs in schools, and conducting 
cooking classes with children, are all promising ways to promote increased fruit and vegetable 
consumption.   
 
1.2.4 School lunch environmental factors 
The physical surrounding space one dines in, how a meal progresses, and the people that 
we interact with during a meal, are collectively known as the food environment. The food 
environment can have a strong influence on one’s food selection and food consumption. The 
influence of the food environment on students’ food selection and food consumption during 
school lunch is no different. Analyzing school lunch environmental factors is thus a big part of 
understanding how certain factors could be a result of manipulation of certain wellness 
intervention programs, as well as their eventual roles in influencing school lunch food item 
selection and consumption.  
Various studies have tested school lunch environmental factors and how they affect 
school lunch consumption of fruits, vegetables, and salad bar items. Increase in time for the 
school lunch period from the standard 20-minute period to a longer 30-minute period, and 
scheduling recess before school lunch, have both been found to increase consumption of fruit 
and vegetable items (Bergman et al., 2004a; Bergman et al., 2004b; Cohen et al., 2016; Fenton et 
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al., 2015; Price & Just, 2015). Pre-plating of fruit and vegetable options on school lunch trays 
such that they are the default items present on lunch trays also increases the amount of those 
items consumed (Just & Price, 2013). Offering a greater variety of fruit and vegetables also 
increase their selection and consumption (Just et al., 2012). For fruit items, presenting whole 
fruit in attractive displays, while slicing certain fruit items, can both help increase their selection 
and consumption (Hanks et al., 2013; Swanson et al., 2009; Wansink et al., 2013). Layout of 
where food items are placed, and physical layout and design of cafeteria, such as recommended 
by the Smarter Lunchrooms Movement, can also be key in determining the frequency of 
selection for a food item (Wansink & Hanks, 2013). Specifically for a self-serve salad bar 
containing fruit and vegetable items, placing it as part of the school lunch line, instead of outside 
the school lunch line, can increase the amount of fruit and vegetable items selected and 
consumed (Adams et al., 2016).  
Overall, these findings from previous research suggest that various school lunch 
environmental factors could influence fruit and vegetable consumption. When conducting 
school-based interventions, it would be crucial to determine if any of these factors were 
unintentionally changed because of the interventions and need to be controlled for, or if any 
of these environmental factors should be intentionally manipulated as part of the intervention.  
 
1.2.5 Data collection of food consumption in children 
Assessing accurate food consumption to determine the impact of nutrition intervention 
programs and food environmental factors is a difficult task, and particularly more so in children. 
Prior research has found that student recall of food that they have consumed is not reliable, even 
in older 4th grade students (Baxter et al., 2002; Baxter et al., 2003). Recall surveys targeting just 
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fruit and vegetable items still have a significant percentage of omissions, whereby items that 
were consumed were left out in the survey response, and intrusions, items that were not 
consumed were erroneously reported as being consumed (Paxton et al., 2011).  
Using photography to capture images of lunch trays before and after consumption of 
school lunch is a powerful data collection method that could be used en masse with minimal 
interruptions of school lunch operations (Swanson, 2008). With low-cost of digital cameras these 
days, digital photography provides easy long-term storage of data that can be coded and analyzed 
in the future. Subtracting the amount of plate waste left on lunch trays in the post-lunch photos 
from the starting amount of food on lunch trays in the pre-lunch photo would provide the 
estimated amount of food consumed. This assumption that all food not left on the tray has been 
consumed has the downside of not capturing food absences due to spillage, and also trading and 
sharing, which is highly frequent in school lunch (Baxter et al., 2001).  
Additionally, there are instances when food items could be repeatedly added to the lunch 
tray as the child is eating after the pre-meal photo has been taken, such as with selection of fruit 
and vegetable items from a self-serve salad bar. This could be resolved by a protocol that 
requires multiple photographs to be taken with each additional selection through the school lunch 
period, but would present a new problem of being too intrusive and disruptive of the school 
lunch process, as well as being more labor intensive. Comparing pre- and post-meal photographs 
of lunch trays could also present difficulties in judging the amount of food consumed, since two-
dimensional still images do not provide depth or sufficient clarity.  
Weighing of food items from lunch trays before and after consumption of school lunch is 
a method that increases accuracy of determining the amount of food consumed. However, the 
method still does not resolve the inaccuracies when high frequencies of trading and sharing 
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occur, or with food items selected repeatedly after a pre-meal measurement has been taken. 
Additionally, weighing of food items on lunch trays could be a potentially messy process, which 
also requires substantial space for tables and scales to be set up in a school cafeteria.  
Observations of children can be a non-intrusive accurate data collection method, and has 
been used in various studies (Ball et al., 2007; Baxter & Thompson, 2002; Baxter et al., 2001; 
Baxter et al., 2002; Baxter et al., 2003; Paxton et al., 2011). Observation of two or three children 
at once can provide accurate data that captures trading and sharing, but is limiting in the amount 
of data that can be collected with limited manpower and budget. Observation can use the quarter-
waste method that records consumption amounts in 25% increments of 0%, 25%, 50%, 75%, and 
100%, which has been found to have a high validity when compared to half-waste method (0%, 
50%, and 100%) and photography (Hanks et al., 2014).  
Overall, these findings from extensive research done over the years suggest that there 
are many ways to measure school lunch consumption that researchers have explored. Each of 
these methods presents unique strengths and limitations. For school-based interventions 
promoting fruit and vegetable consumption, direct observation has a specific advantage of 
being able to capture trades and repeated selection of fruit and vegetable items from a self-
serve salad bar throughout a lunch period.  
 
1.3 Wellness in the Schools Intervention and Evaluation 
 
This study was part of a larger main study evaluating the two-year impact of the WITS 
programing in New York City low-income urban elementary schools. The main study was a non-
randomized controlled trial, with seven intervention schools receiving the WITS programming, 
and seven matched controls. Control schools did not receive any WITS programming. They were 
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instead given a $1000 for their participation, which they were allowed to use for any non-food-, 
fitness-, or health-related programming for students, such as chess club. 
A WITS Chef and a WITS Coach were placed in each intervention school and worked 
alongside school food and recess aids on every school day during the first year of intervention. 
Overall, the goal of the WITS Cook for Kids program was to increase fruit and vegetable 
consumption, increase scratched-cooked meals and decrease processed foods consumed, and 
improve the perception of school lunch. The main goal of the WITS Coach for Kids program 
was to increase physical activity, increase pro-social behaviors and team-based activities, and 
decrease schoolyard bullying at recess. There were six major components that could be 
considered as the core of the WITS Cook for Kids program (which is the focus of the current 
investigation): 
i. Placement of WITS Chef in the school 
ii. Switching to the Alternative Menu (this component was named WITS Café) 
iii. Salad bar with at least six vegetable items  
iv. Unsweetened white milk as the only milk option 
v. Conducting cooking classes (this component was named WITS Labs) 
vi. Conducting nutrition education sessions (this component was named WITS Bits) 
Data collection for this current investigation was conducted during two study time 
periods: 1) Time 0: September-November 2015, 2) Time 1: March-May 2016. The larger main 
study has an additional Time 2 follow-up study period that will collect data March-May 2017. A 
pilot study was conducted in May 2015 to test the reliability of the instruments and the feasibility 
of the protocol. 
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The main outcomes for the current investigation are school lunch food consumption and 
school lunch environmental factors. The focus was on 2nd and 3rd grade students. School lunch 
food intake of students was assessed by observation using System of Observational Cafeteria 
Assessment of Foods Eaten (SOCAFE), which would be further described in Chapter 3. School 
lunch food intake data was collected over three school days for each school at the Time 0 and 
Time 1 study periods. School lunch environmental factors, along with aspects of the WITS Cook 
for Kids program implementation level, were assessed once at the Time 0 and Time 1 study 
periods.  
 
1.4 Purpose of the Study 
 
The purpose of this study is to evaluate the impact of the Wellness in the Schools (WITS) 
programming on increasing school lunch consumption of fruits, vegetables, and salad bar items 
after one year, as well as to determine if there were differences in consumption between 2nd and 
3rd grade students, and between girls and boys. The study also examines the impact of school 
lunch environmental factors, on school lunch consumption of fruits, vegetables, and salad bar 
items.  
 
1.5 Statement of the Research Questions 
 
Research Question 1: What is the consumption of fruits, vegetables, and salad bar items at 
school lunch for 2nd and 3rd grade students after one year of the WITS programming? Is the 
consumption different between: 
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a. WITS intervention schools and control schools? 
b. 2nd grade students and 3rd grade students? 
c. Girls and boys? 
 
Research Question 2: Do the following school lunch environmental factors affect 2nd and 3rd 
grade students’ consumption of fruits, vegetables, and salad bar items at school lunch in WITS 
intervention schools and control schools? 
School lunch environmental factors:  
• Time duration of school lunch 
• Wait time before getting school lunch 
• Order of lunch and recess 
• Pre-plating of fruits or vegetables on lunch trays  
• Two or more fruit or vegetable options  
• Slicing of fruits 
• Whole fruits in an attractive serving bowl 
• Position of vegetables in lunch line 
• Position of salad bar  
• Number of salad bar items 
 
1.6 Significance of the Study 
 
Currently, a limited number of longitudinal studies assess the long-term impact of a 
nutrition or wellness intervention on fruit and vegetable consumption. The current study is 
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evaluating the fruit and vegetable consumption before and after the one-year implementation of a 
wellness intervention by WITS. Short of being a randomized control trial, this study utilized a 
quasi-experimental design, through inclusion of control schools similar to the intervention 
schools matched on various key aspects. The total sample of 14 schools in this study is much 
larger than what is found in many other studies, which usually have fewer than 10 schools, often 
times with only one or two schools. This study also collected three days of data for each school 
during each time period, with about 30 student observations per day per school, totaling to about 
90 student observations per school per study time period. This is in contrast with many other 
studies that only collected one or two days of data. Together, the larger number of sample of 
schools, and the more frequent number of days of data collection, provide data and findings that 
are more representative and accurate.  
Unique to this study is that the WITS intervention is ongoing “real-world” programming 
by a national non-profit organization that has been running for over 10 years. Many studies 
evaluate health-related interventions and curriculum designed specifically for experimental 
testing purposes of a research study. These interventions often do not run for a long duration 
before being evaluated in these studies, and also end up not being implemented long-term or ever 
again, once the research study is over. Meaningful positive findings in these studies thus beg the 
question of whether benefits could realistically be translated to the real world if the intervention 
or curriculum is not practically feasible and implemented outside of a research study setting.  
 Current literature includes various studies that test out the correlations of different school 
lunch environmental factors with fruit and vegetable consumption. However, many of these 
studies have study design aspects that limit the strength of their conclusions, or have low number 
of schools sampled that limit the generalizability of the results. This study evaluated the various 
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school lunch environmental factors simultaneously to determine the strength of each factors’ 
impact on fruit and vegetable consumption.  
This study is significant in that it will provide needed evidence on the impact of a 
national school-based intervention that has been implemented in over 100 public schools over 
the past 10 years. Findings from this current investigation will help inform schools that are 
looking to acquire WITS about the expected impact of the program on increasing fruit and 
vegetable consumption. At the same time, the findings could provide insight into how the WITS 
programming could potentially be improved to more effectively promote fruit and vegetable 
consumption in the future.  
 
1.7 Scope and Delimitations 
   
 The WITS program was assessed only in New York City (NYC), and only in schools 
within four of the five boroughs (Staten Island not included). WITS also commonly targeted 
schools with higher percentage of students that receive free or reduced priced lunch (FRPL) and 
higher percentage of students from households with living in poverty. The sample of schools and 
children were thus limited to an urban population pool that has higher percentage of minority, 
poverty, and FRPL, and would not necessarily be nationally representative, or even 
representative of NYC.  
 WITS intervention program was structured as a three-year program, but this study was 
only evaluating the impact of the program after one year and only in 2nd and 3rd grade students. 
WITS programming consisted multiple components that were ongoing simultaneously. It was 
thus not possible to separate the various components of full programming to assess the impact of 
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only one component. However, it could be safe to assume that resultant changes in food-related 
outcomes would be due to the Cook for Kids nutrition arm of the intervention, and less so due to 
the Coach for Kids physical activity arm of the intervention.  
 The focus of this study is only on fruit and vegetable intake, with regular white potatoes 
excluded since they are typically consumed at a higher rate than other vegetables. Since school 
lunch includes food items from the five MyPlate food groups of grain, protein (meat or meat 
alternative), fruit, vegetable, and dairy, there could be possible interaction effects of other food 
group items affecting fruit and vegetable intake. For example, the higher or lower intake of other 
food groups or particular food items could impact fruit and vegetable intake (either increase or 
decrease). The direction of this impact could also potentially be inconsistent depending on 
different food items, and might not be restricted to clear relationships between food groups. The 
potential limitless combinatory relationships are thus too complicated and beyond the scope of 
this study.  
Multiple school lunch environmental factors were observed and assessed using the tool 
PIECES. These factors all have the potential effect of affecting fruit and vegetable intake. 
However, only factors with logical direct relation to fruit and vegetable intake, and with prior 
research that demonstrated impact on fruit and vegetable consumption, were selected for 
analysis. 
 
1.8 Definition of Terms 
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Wellness in the Schools, or WITS for short, is a non-profit organization based in New York that 
implemented its programs in schools with the aim of facilitating healthy eating and positive 
group play in children.  
 
Cook for Kids is one of the two main arms of the WITS programming, with the goal to increase 
fruit and vegetable consumption, decrease processed foods consumed, and improve the 
perception of school lunch. As part of the programming, a WITS Chef was placed in each school 
to work alongside school food staff on every school day, to implement the various components 
such as WITS Café, WITS Labs, and WITS Bits.  
 
Coach for Kids is one of the two main arms of the WITS programming, with the goal to 
increase physical activity levels, improve social behaviors and interactions, and to decrease 
fighting and bullying, during both outdoor and indoor recess. As part of the programming, a 
WITS Coach was placed in each school to work alongside recess aids on every school day.  
 
WITS Chef is a culinary graduate with WITS training, in each school to work alongside school 
food staff on every school day, to implement the various components such as WITS Café, WITS 
Labs, and WITS Bits.  
 
WITS Coach is a sports management or physical education graduate that has WITS training, 
placed in each school to work alongside recess aids on every school day. WITS Coaches were 
trained with a repertoire of different games and activities that might utilize different equipment 
provided by WITS, such as Hula-hoops, skip ropes, balls, etc.  
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Alternative Menu, also known as WITS Café, is a replacement menu that included foods that 
are made more with whole food ingredients and less with highly-processed ingredients, i.e. more 
scratch-cooked. Like the regular menu, the Alternative Menu meets National School Lunch 
Program nutrition standards.   
 
WITS Labs are one-hour cooking lab sessions that got students involved in cooking a dish 
following a recipe and taste-testing it. Each of the four sessions of WITS Labs conducted in the 
first year focused on a particular ingredient, such as beans, or kale, and the dish cooked would be 
similar to one that would appear on the alternative menu. 
 
WITS Bits are short 20-minute nutrition education sessions that included sessions like “eat the 
rainbow”, “trying salad bar”, etc. 
 
New York City Department of Education (NYCDOE) is the city agency that governed over 
public schools in New York City. NYCDOE governed the largest school district within the 
United States of America. The Office of SchoolFood is housed within NYCDOE.  
 
Office of SchoolFood, or SchoolFood for short, is the office housed within NYCDOE that 
governed over the meals served in public schools. SchoolFood designed the school meal menus, 
ensured that the school meals met the nutrition and safety standards, and provided training to 
SchoolFood workers that worked in the school kitchens.   
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National School Lunch Program (NSLP) is the federal lunch program in the United States of 
America. Menu items could differ across different school districts, but had to all meet national 
nutrition standards set by federal laws.   
 
Free and Reduced Price Lunch (FRPL) is the benefits program within the NSLP that allowed 
for students from households with incomes below certain cutoff levels to receive school lunches 
at no cost, or at a lower than regular price.   
 
School Lunch Environmental Factors refers to the physical surrounding space students dined 
in, how a meal progressed, and the people that they interacted with during a meal, which could 
all have a strong influence on the students’ food selection and food consumption.  
 
Laurie M. Tisch Center for Food, Education and Policy, or Tisch Food Center for short, is 
the organization conducting the larger main WITS evaluation study. The researcher was an 
employee of the Tisch Food Center, which is housed in the Program of Nutrition at Teachers 
College, Columbia University.  
 
System of Observational Cafeteria Assessment of Foods Eaten (SOCAFE) is a method of 
data collection for food selection and food consumption using visual observation within the 
school cafeteria. Each research staff observed four students at a time. Food consumption of each 
food item of the standardized school meal was recorded as a percentage of a standard serving 
consumed: 0%, bite/10%, 25%, 50%, 75%, 100%, and more than 100% (>100%).  
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Lunch Process Implementation Evaluation and Contextual Environment of Schools (Lunch 
PIECES) is a checklist assessing various school lunch environmental factors using observation 
within the school cafeteria. All items were Yes-No items, with a few items including additional 





CHAPTER 2: REVIEW OF THE LITERATURE 
 
2.1 Low Fruit and Vegetable Consumption in Children 
 
Fruit and vegetable consumption is low in the US across all age groups and both genders. 
As detailed in the United States Department of Agriculture (USDA) Dietary Guidelines, the 
recommended daily intake of fruits is 1 to 1.5 cups, and the recommended daily intake of 
vegetables is 1.5 to 2 cups, for children between 4 to 8 years of age (Dietary Guidelines 
Advisory Committee, 2015). The National Cancer Institute (NCI) conducted the latest analysis of 
intakes of foods from various food groups in the US population from 2007 to 2010. For children 
of both genders between 4 to 8 years of age, mean daily total consumption of fruit (including 
100% fruit juice) was 1.2 cups, and mean daily total consumption of vegetable (including beans 
and peas) was 0.8 cups (National Cancer Institute, 2015). This low consumption in children of 
lower elementary school age has not changed much from data collected in years 2001 to 2004 
(National Cancer Institute, 2016). 
These values included 100% fruit juice that account for 0.5-cup equivalents of fruit 
servings consumed, as well as white potatoes that account for 0.3 cups of total vegetables 
consumed (National Cancer Institute, 2015). Since fruit juice and white potatoes are popular 
items consumed in high amounts (King & Slavin, 2013; Lorson et al., 2009; Nicklas et al., 2008), 
including them in the total consumption of fruits and vegetables does not accurately capture 
consumption of whole fruits and non-starchy vegetables of various colors. For children of both 
genders between 4 to 8 years of age, mean daily total consumption of whole fruit (excluding 
100% fruit juice) was 0.8 cups, and mean daily total consumption of vegetable (including beans 
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and peas but excluding white potatoes) would be about 0.5 cups (National Cancer Institute, 
2015). Even when including 100% fruit juice and white potatoes, for children between 4 to 8 
years of age, NCI found that 50% of boys and 68% of girls are consuming less than the 
recommended servings of fruits, and 95% of both genders are consuming less than the 
recommended servings of vegetables (National Cancer Institute, 2015). Amongst children 
between ages 9 to 13 years old, the percentages increase further, and the get even worse as 
children go into adolescence (National Cancer Institute, 2015).  
The above consumption data are comparable to analysis done in earlier years, for both 
adults and youths (Guenther et al., 2006; Krebs-Smith et al., 1996). This trend of low fruit and 
vegetable consumption in the US has not improved over the years when looking at the 
population as a whole across all age groups (Bertoia et al., 2015; Casagrande et al., 2007), and 
when looking at just youths (Herrick et al., 2015; Kim et al., 2014; Larson et al., 2007). Such 
trends are disturbing since fruits and vegetables are an important source of various nutrients, and 
the higher consumption of fruits and vegetables have been associated with lower risk of various 
chronic diseases.  
Additionally, youths of low socioeconomic positions have been found to have lower fruit 
and vegetable consumption than their peers of higher socioeconomic positions (Rasmussen et al., 
2006), with cost of fruits and vegetables likely adding as a barrier that limits access (Cassady et 
al., 2007). Effects of race and ethnicity could sometimes be difficult to be isolated from 
socioeconomic positions and findings have been mixed. Some studies found that controlling for 
socioeconomic positions, minority youths that are Black or Hispanic are more likely to consume 
more fruits and vegetables than their White peers (Di Noia & Byrd-Bredbenner, 2014; Xie et al., 
2003); there has also been studies that found that Black youths are less likely to consume 
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vegetables but more likely to consume fruits than their peers that are White or Hispanic (Kann et 
al., 2016; Reynolds et al., 1999a). 
Overall, these findings from reliable large-scale epidemiological studies suggest that 
the majority of children in the US are not meeting fruit and vegetable recommendations. This 
trend is not new and has persisted over the years. There is also evidence to suggest that 
minority children of low socioeconomic positions have an increased risk of inadequate fruit 
and vegetable consumption.   
 
2.2 Fruit and Vegetable Provide Important Nutrients and Long-term Health Benefits 
 
Fruits and vegetables are an important source of various nutrients. It has been proposed 
that besides vitamins A and C, the high contents of antioxidants and phytochemicals in fruits and 
vegetables significantly contribute to the mechanisms in the reduction of cancer risks (Van Duyn 
& Pivonka, 2000). Higher serum levels of vitamins A and C have been found to be associated 
with decreases in cancer and overall mortality rates in a dose-response fashion in the US 
population (Goyal et al., 2013). More importantly, extensive review of the literature has 
concluded that higher fruit and vegetable consumption helps significantly decrease cancer risks 
(Van Duyn & Pivonka, 2000; World Cancer Research Fund / American Institute for Cancer 
Research, 2007), with 20% or more of all forms of cancers preventable by diets that include 400 
g/day or more of fruits and vegetables (Glade, 1999). Specifically, it has been found that 
increasing both the quantity and variety of fruit and vegetable consumed are able to help 
significantly decrease risks of certain cancer types (Jansen et al., 2004).  
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Fruits and vegetables are also the primary source of dietary fiber. The mean intake of 
fiber is 12.2 g/day and 12.8 g/day for girls and boys between 4 to 8 years of age (Dietary 
Guidelines Advisory Committee, 2015). More than 97% of children in this age range are not 
meeting the adequate intake levels of 25 g/day, as recommended by the Institute of Medicine 
(Institute of Medicine, 2002). Fiber intake, which is highly correlated with fruit and vegetable 
consumption, has also been found to be associated with decreasing cancer risks, specifically for 
colorectal cancer (Van Duyn & Pivonka, 2000; World Cancer Research Fund / American 
Institute for Cancer Research, 2007). Diets that include adequate or high fruits and vegetables 
have also been found to decrease the risk for cardiovascular diseases and strokes, in part due to 
the high fiber content (Van Duyn & Pivonka, 2000). 
Fruits and vegetables are also a significant source of calcium in children’s diets, 
contributing about 7% of total dietary calcium intake (Iuliano-Burns et al., 1999). Green leafy 
vegetables and certain legumes are also a good source of vitamin K (Booth et al., 1993). Meeting 
calcium and vitamin K needs both contribute to better bone health, with vitamin K crucial in the 
process of binding calcium into the bone matrix. High fruit and vegetable has been found to be a 
strong contributor to higher bone mineral density in boys (Vatanparast et al., 2005) and girls 
(Tylavsky et al., 2004). A proposed theory is that high consumption of fruits and vegetables 
increases body calcium levels also by decreasing urinary calcium loss, on top of being a source 
of dietary calcium (Tylavsky et al., 2004).   
Overall, these findings from previous research suggest that children are at increased 
risk for long-term health complications and chronic diseases by not meeting current fruit and 
vegetable recommendations. Working on effective long-term solutions to promote fruit and 
vegetable consumption is thus a crucial need to improve population health outcomes.  
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2.3 Targeting Increase in Fruit and Vegetable Consumption During Middle Childhood 
 
Middle childhood, defined as between the ages of 6 and 12, is a period of steady growth 
both physically and cognitively (Education Encyclopedia). Meeting adequate nutrition needs is 
essential for this growth. Not meeting adequate nutrition would be even more apparent when 
children in middle childhood progress into the next developmental stage of puberty that presents 
sharp increases in nutrition needs for major physical growth. Low consumption of fruit and 
vegetable in children is thus of great concern, even if many long-term health benefits in chronic 
disease prevention described above would not necessarily show in children.  
Low consumption of fruits and vegetables during childhood is also predictive of future 
consumption patterns later in life (Branen & Fletcher, 1999; Lytle et al., 2000; Mikkila et al., 
2005; Wadhera et al., 2015). Children thus not previously meeting nutrition adequacies are more 
likely to fall even further behind since behaviors are unlikely to change rapidly without any 
active interventions. Positive habit formation from a young age can thus help maximize the 
number of years that individuals meet adequate nutrition from fruit and vegetable consumption, 
and ensure optimal physical and cognitive development. Early exposure to messaging and 
interventions to increase fruits and vegetables can potentially bring about positive long-term 
habit formation that bring about lasting positive health effects.  
Review of studies in both experimental laboratory-based and naturalistic settings have 
found that repeated exposures via tastings of foods in children can help increase food preference 
and also food consumption (Cooke, 2007). Studies have found that the early-life introduction of 
fruits and vegetables during weaning is predictive of greater quantity and variety (for fruits) 
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consumed later in the child’s life (Cooke et al., 2004; Skinner et al., 2002). Even though 
introduction of fruits and vegetables as early as possible could be key in long-term preference 
and consumption for them, it is not too late when exposures occur in middle childhood. A few 
studies tested young school-aged children (age five years old and above) with repeated tastings 
of fruits and vegetables that were unfamiliar or with low preferences (Lakkakula et al., 2011; 
Wardle et al., 2003a; Wardle et al., 2003b). These studies found that with repeated tasting 
sessions, young school-aged children increased preferences as well as consumption in a post-
intervention test.  
Schools are a logical and practical location for implementation of early exposure nutrition 
intervention programs targeted at increasing consumption of fruit and vegetables in children. 
There are 35 million children in the US attending public elementary schools with grades 
prekindergarten through 8th grade (National Center for Education Statistics, 2016). School-age 
children also spend a bulk of their waking hours in schools than at home. School-based nutrition 
intervention programs thus allow for easy accessibility to the target population. School-based 
nutrition intervention programs have also been found to have some success in increasing fruit 
and vegetable consumption in children (Evans et al., 2012). 
Schools are a consistently structured high-learning environment, and also present 
opportunities for children to socialize with large groups of other children and learn social norms 
(Education Encyclopedia). Children in elementary schools are also in the middle childhood stage 
whereby they are also starting to gain independence and establish a stronger identity of self apart 
from their family. Children in middle childhood are also young enough to not be set in their ways 
and so malleable for behavior changes and new habit formation, while not too young that 
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targeted nutrition education might not be comprehended. Middle childhood thus presents a prime 
opportunity for interventions targeted at increasing fruit and vegetable consumption in children. 
Overall, the unique conditions in elementary schools along with findings from previous 
research suggest that schools are uniquely positioned to promote fruit and vegetable 
consumption. This is particularly important since children in elementary schools are at a 
critical age when positive dietary habits, which could track into adulthood, are still being 
formed.  
 
2.4 Existing Programs and Policies Targeting Increase in Fruit and Vegetable 
Consumption 
 
Millions of dollars have been spent over the years with various national campaigns to 
increase fruit and vegetable consumption (Rekhy & McConchie, 2014). One such national 
campaign was the “5 A Day for Better Health” program, which ran from year 1991 to 2007 
promoting eating five or more servings of fruit and vegetable daily (Fruits & Veggies More 
Matters). The campaign has since been rebranded as “Fruits & Veggies – More Matters” in year 
2007. A more recent national campaign launched in 2010 by then First Lady Michelle Obama, 
“Let’s Move”, also included messaging to increase fruit and vegetable consumption. These 
campaigns are in addition to messaging from the guidelines for meeting fruit and vegetable 
consumption outlined by United States Department of Agriculture (USDA) with MyPyramid or 
MyPlate, as well as national health-promotion and disease-prevention goals set in “Healthy 
People” by the United States Department of Health and Human Services (HHS).  
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Despite some of these large-scale national campaign efforts, we have not seen a 
significant increase in consumption of fruits and vegetables in Americans over the years 
(Produce for Better Health Foundation, 2010, 2015). More process and outcome evaluations 
would need to be conducted to better assess the isolated effects of these campaign efforts. At the 
same time, many behavioral, biological, economic, political, and sociocultural factors contribute 
to the low consumption of fruits and vegetables across the US population and in children (Larson 
et al., 2007; Reinaerts et al., 2007; Reynolds et al., 1999b). Interventions covering various 
approaches instead of just large-scale national campaigns could better add impact in increasing 
consumption of fruits and vegetables. Additional implementation of smaller-scale intervention 
programs that are more targeted to specific populations could be part of such multi-prong 
approaches.  
There have also been many various governmental programs and policies that more 
specifically targeted children. School-based programs include “USDA Fresh Fruit and Vegetable 
Program”, “Chefs Move to Schools Program”, “Salad Bars to Schools Program”, “Farms-to-
Schools Grant Program”, and “FoodCorps” (Kraak et al., 2013). As part of the Healthy, Hunger 
Free Kids Act (HHFKA) authorized in 2010, new USDA Nutrition Standards in the National 
School Lunch and Breakfast program increased the portion sizes of fruits and vegetables served 
in an attempt to increase the amount of fruits and vegetables that children consume (USDA, 
2012b). Evaluations of the long-term effects of these school-based programs and policies are still 
ongoing and some have found promising results (see below). As part of a multi-prong approach 
to help increase fruit and vegetable consumption in children, school-based nutrition or wellness 
intervention programs by local governments or non-profit organizations can also play a crucial 
role. 
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Overall, these findings suggest that there have been large-scale efforts to promote fruit 
and vegetable consumption in the US. However, promoting fruit and vegetable consumption is 
complicated and difficult, and would require a multi-prong approach that includes efforts 
specifically targeting children.  
 
2.5 Impact of Nutrition Interventions on Fruit and Vegetable Consumption 
 
2.5.1 Chef-implemented menu changes 
Various school-based nutrition interventions have been implemented over the years with 
the aim of increasing children’s fruit and vegetable consumption or improving their overall diet 
quality. One such type of nutrition intervention is to place a chef in a school to work on 
improving the school lunch menu. To date, there have been three studies that evaluated the 
effects of chef-implemented menu changes (Cohen et al., 2015; Just et al., 2014; Zellner & 
Cobuzzi, 2017). 
Cohen et al. (2015) assessed the result of improving the lunch menu with a chef, along 
with changing aspects of the school cafeteria that can help nudge selection and consumption 
behaviors (also known as choice architecture). The study was conducted with students in 
elementary and middle schools. The randomized controlled trial utilized a two-by-two factorial 
design, assigning two schools to receive the chef-enhanced menu, four schools to receive the 
smart café choice architecture improvements, and two schools to receive both interventions 
(Cohen et al., 2015). The remaining six schools served as control schools that did not receive any 
interventions. The study used weighing of plate waste for 6 nonconsecutive days, with 2 each 
during baseline, 3 months post-intervention and 7 months post-intervention period. After 7 
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months of first introducing the intervention, the study found that the four schools with the chef-
enhanced menu (alone or with smart café choice architecture improvements) had higher selection 
and consumption for both fruits and vegetables. In these intervention schools with the chef-
enhanced menu, fruit consumption was on average higher by 20.7% points (0.17 cups), and 
vegetable consumption was on average higher by 30.8% points (0.16 cups), compared to the 
control schools. The strength of the study was in the random assignment of schools into the 
different arms, but there were only two schools in two of the four arms. Sampling of food 
consumption was also limited to only two days per time period.  
Chefs Move to Schools was a program that was part of former First Lady Michelle 
Obama’s “Let’s Move” initiative aimed at promoting collaboration with chefs to help improve 
appeal of school meals. Just et al. (2014) conducted a pilot study evaluating the effect of a 
French chef serving specially created pizzas in a high school (Just et al., 2014). Three new 
special pizzas were served on one Friday, with a tasting session of the three new pizzas 
conducted the day before that Friday. The study found that the introduction of the chef-created 
pizzas helped significantly draw in more students in getting school lunch that Friday, compared 
to the average of the 11 previous Fridays that also served pizza. In comparison, the percentage of 
students that Friday in the control elementary and middle schools in the same school building 
that did not serve the chef-created pizzas were within 1% from previous Fridays that also served 
pizza. The intervention also increased the selection of vegetables by 7.2% points from 12.4% to 
19.6%, which was mainly due to the 21% point increase in selection of salad, though there was 
also a 7% point decrease in selection of cooked vegetables. There was also an increase in the 
amount of vegetables eaten within the students that selected it, which increased by 12.4% points 
from 74.7% to 87.1%. Fruit selection decreased by 6.2% points from 25.1% to 18.9%, which was 
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mainly due to the 13% point decrease in selection of canned fruit. Even though the study had 
many days of baseline data of participation rates of school lunch from 11 previous Fridays 
serving the same menu item of pizzas, the intervention data was from only one day, from one 
school. The intervention school was also a high school, and yet the control schools in 
comparison were elementary and middle schools. The study also did not investigate the long-
term effect of the intervention, and its efficacy on other food items besides pizza, which is an 
already-popular entrée dish.  
An intervention study conducted by Zellner & Cobuzzi (2017) tested the impact of 
Eatiquette program with chef-prepared food, non-disposable plates and cutler, family style 
dining with an adult, on vegetable liking and consumption. The study assessed the impact of the 
intervention program on target vegetables of sweet potato and cauliflower, in 3rd and 4th grade 
students in one elementary school, compared to students that did not receive the intervention in a 
control elementary school (Zellner & Cobuzzi, 2017). Using visual observation of the half-waste 
method, the study found that 61% of students in the control school ate none of the sweet potato 
at the end of the intervention period, which was significantly more than the 46% of students that 
received the Eatiquette program and that ate none of the sweet potato. However, the authors did 
not control for the baseline differences in sweet potato intake between the two schools before the 
intervention began. The study also found that there was a significant improvement in the ratings 
of the target vegetable cauliflower, with ratings changing from a baseline mean of 3.00 to a mean 
of 1.00 at the end of the intervention period (lower number is higher liking) for the students that 
received the Eatiquette program, while the ratings stayed unchanged at 2.48 to 2.50 for the 
students in the control school. Even though the schools were matching, there were only two 
schools in the study, and there were up to 26 students assessed in the intervention school, which 
 37 
are both very small sample sizes. The sample of students assessed in the intervention school was 
also a mismatch from the 61 to 84 students assessed in the control school.  
Despite the limitations of these three studies, they suggest that chef-implemented menu 
changes can have a significant impact on both likability and consumption of fruits and 
vegetables in school-aged children.  
 
2.5.2 Chef-implemented cooking classes  
Another school-based intervention approach to promote healthy eating has been to place 
chefs in schools to conduct cooking classes, without changing the actual school lunch menu. A 
study by Jarpe-Ratner et al. (2016) tested the impact of 10 2-hour cooking and nutrition 
education after-school sessions on fruit and vegetable consumption. The study assessed 271 3rd 
to 8th grade students in 17 elementary and one middle school that all received the intervention 
(Jarpe-Ratner et al., 2016). The study found that the program increased fruit consumption and 
also vegetable consumption score by 0.2 points, as assessed on a 4-point Likert scale on a self-
report questionnaire. The study also found that the students increased their nutrition knowledge 
and cooking self-efficacy scores by 0.2 and 0.4 respectively, also assessed on a 4-point Likert 
scale on a self-report questionnaire. Even though there were a large number of schools assessed 
in this study, there were no control schools that did not receive the intervention. The study also 
used self-reporting of consumption, which could be inaccurate, particularly with younger 
children. The study also only assessed one day of food consumption (from the day before) in 
each study period, which might not accurately capture the true mean consumption of fruits and 
vegetables.  
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Another study by Caraher et al. (2013) tested the impact of a one-day cooking class 
conducted by chefs on cooking confidence and vegetable consumption, compared to match 
control schools that did not receive the cooking class. The study was conducted in 11 primary 
schools (equivalent to elementary schools) in the United Kingdom, with three schools excluded, 
leaving four that received the cooking intervention, and four serving as delayed controls (Caraher 
et al., 2013). The study included 169 4th and 5th grade students, of which 86 received the 
intervention, and 83 students were delayed controls. The study found that the cooking class 
intervention increased the cooking confidence as assessed by a questionnaire. The cooking class 
intervention also increased the consumption of cucumbers, but not the other four vegetables 
assessed in the questionnaire. Overall, the mean vegetable consumption score increased from 
2.24 to 2.46 on a 4-point Likert scale. Although the study was conducted in the United Kingdom, 
the results could still be generalized to students in the US. The study only tested one day of 
cooking intervention, which is a short intervention, and also does not test for long-term impact of 
the intervention. The study also used self-reporting of consumption, which could be inaccurate, 
particularly with younger children.   
Despite limitations of these two studies, they suggest that chef-implemented cooking 
classes (without changes to the school lunch menu), can have a significant impact on 
knowledge, cooking confidence, and actual consumption of fruits and vegetables.  
 
2.5.3 Cooking class intervention programs 
Intervention programs with cooking classes are not always conducted by chefs. One such 
program intervention program was CookShop program, which combined cooking classes with 
nutrition education. Quinn et al. (2003) studied the impact of the 11-session program on the 
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consumption of fruits and vegetables in 5th grade students from three urban and suburban schools 
in New York. Using the National Cancer Institute’s 7-item fruit and vegetable food frequency 
questionnaire and a single 24-hour recall, the study found that the 81 students that received the 
intervention and that were assessed, ate on average 2.1 servings of fruit, which was significantly 
more than the average of 1.6 servings consumed by the 68 students in the control group that 
completed the assessment (Quinn et al., 2003). The study also found that the students in the 
intervention group consumed on average 14.2 mg of fiber, which was significantly more than the 
average of 11.9 mg of fiber consumed by the students in the control group. However, the amount 
of fiber consumed by the intervention group at baseline prior to the start of the intervention was 
already at 15.1 mg, which was not controlled for by the analysis. The study also did not measure 
baseline values for the control group students, and so present a major weakness.  
Liquori et al. (1998) also evaluated the impact of the CookShop program on target food 
items of whole grains and vegetables. The study used a two-by-two factorial design of students 
in two schools that received 10 CookShop cooking classes (CS), 10 Food and Environment 
nutrition education lessons (FEL), both cooking classes and nutrition education lessons 
(CS+FEL), or no intervention (Liquori et al., 1998). Consumption of whole grains and 
vegetables during school lunch was assessed by observation of plate waste over four days, with 
two days before start of intervention and 2 days within two weeks of completion of the 
intervention. The CookShop cooking classes were found to have a main effect in increasing the 
consumption of whole grains and vegetables, for both younger (Kindergarten to 3rd grade) and 
older (4th to 6th grade) students, but more so for older students. For younger students, CS and 
CS+FEL had 84% and 79% plate waste, which is less than the 94% plate waste in the younger 
control group students. For older students, CS and CS+FEL had 78% and 74% plate waste, 
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which is less than the 97% plate waste in the older control group students. The strength of the 
study was that it randomized the 39 classes within the 2 schools into the different intervention 
arms, with a sizeable number of classes in each arm (about 10 each). However, consumption data 
was collected only on two days for each study time period, and did not included long-term 
follow-up after the intervention program has ended.  
Hersch et al. (2014) conducted a systematic review evaluating the effect that cooking 
classes have on children’s food-related preferences, attitudes and behaviors. The review of eight 
studies published between years 2003 and 2014 found weak impact of cooking classes on 
increasing fruit and vegetable consumption (Hersch et al., 2014). Only four of the eight studies 
reviewed assessed pre-intervention and post-intervention fruit and vegetable consumption. One 
of the four studies technically was not testing the effects of cooking classes but was testing trying 
out of recipes at home with a game-based goal setting activity called Squire’s Quest (Cullen et 
al., 2007). The study by Quinn et al. (2003) described above found positive effects of the 
CookShop program on fruit consumption. However, the other two not described in detail above 
(Davis et al., 2011; Fulkerson et al., 2010) found no significant increases of fruit or vegetable 
consumption from pre-intervention baseline. Overall, there is some evidence to suggest that 
cooking classes can increase fruit and vegetable consumption in children.  
 
2.5.4 Tastings to increase fruit and vegetable liking and consumption 
Increasing exposure to foods can increase the familiarity and acceptance of foods and 
help counter any fear of new foods or “neophobia” (Cooke, 2007), thus could be a simple 
intervention to help increase consumption of these foods. Lakkakula et al. (2011) investigated 
how many tasting sessions it would take to increase the liking of eight fruit and vegetable items 
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that had previously been scored low in children’s liking. The study tested 379 1st, 3rd and 5th 
grade students from 2 elementary schools (Lakkakula et al., 2011). Using eight selected targeted 
fruit and vegetable items that had low liking amongst the students, the study conducted four 
weeks of two tasting sessions per week, over eight weeks, for a total of eight tasting sessions. 
Tastings of fruit items were alternated with tasting of vegetable items the following week, such 
that there were tastings for fruit items or vegetable items every two weeks over eight weeks. The 
study also conducted two additional tastings during the 4-month and 10-month follow-up 
assessments. The study found that it took two to four tastings to increase the liking of the fruit 
items, and five to six tastings to increase the liking of the vegetables. Certain items were also 
rated as better liked by different grades, after the end of the eight-week tasting sessions and at the 
follow-up assessments. First grade students increased liking of all fruit items and carrot at the 
end of the eight weeks of tasting sessions, and at the 10-month follow-up. A major strength of 
the study was its long-term tracking of liking over 10 months. Unfortunately the study did not 
include a control group and did not include the responses of students that did not choose to take 
part in some of the tasting sessions. The study also did not assess the actual consumption of the 
fruit and vegetable items when served, and only relied on self-reports of liking of the items, 
which is subjective and could be inaccurate.  
Even without consumption data collected, the results of the study by Lakkakula et al. 
(2011) showcases the impact that repeated tastings conducted in a school can have. Furthermore, 
prior research has shown that preference or liking for fruit and vegetable in school-aged children 
is correlated to and a strong predictor of consumption of fruit and vegetable (Domel et al., 1993a; 
Gibson et al., 1998; Resnicow et al., 1997). Additionally, previous studies have been done by 
Wardle et al. (2003a; 2003b) testing the impact of repeated tastings not done in a school setting, 
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on vegetable consumption. In both studies, after conducting 14 consecutive days of tasting 
exposures using a target vegetable with young children under 8 years old of age, both self-
reported liking for the vegetable, as well consumption of the vegetable significantly increased 
(Wardle et al., 2003a; Wardle et al., 2003b). Overall, these studies highlight the importance of 
repeated tastings as a potential strategy to promote likeability, and ultimately consumption, of 
fruits and vegetables.  
 
2.5.5 School-wide multi-component interventions targeting fruits and vegetables 
Many interventions do not just rely on one component, but instead multiple intervention 
components to try to increase fruit and vegetable consumption. Reynolds et al. (2000) conducted 
a study that implemented the High 5 Project intervention, which included 14 bi-weekly 30-45 
minute lessons over seven weeks, as well as parent involvement with assignments that parents 
work with their child once a week over the seven weeks. There was also a third component of 
food service managers being trained to purchase, prepare and promote fruits and vegetables, and 
to conduct 10 intervention activities, such as serving at least 10 fruit and vegetable options in a 
week (Reynolds et al., 2000). The study tested close to 1700 4th grade students from 28 
elementary schools in matched pairs, with half of the schools receiving the interventions, and the 
other half serving as delayed match controls that received a delayed intervention. Using 24-hour 
dietary recalls, the study found that intervention schools had significantly increased fruit and 
vegetable consumption more than control schools after one and two years post-intervention. Fruit 
consumption in intervention schools increase from 1.00 serving to 1.71 servings after one year, 
and consumption of vegetables in intervention schools increased from 1.32 servings to 1.84 
servings after one year. These results were however not found with cafeteria observations of fruit 
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and vegetable consumption that was conducted in a subset of children. This could have been a 
major limitation of the study, since self-report of consumption with 24-hour dietary recalls are 
not accurate with children, and could also have self-report bias due to social desirability 
tendencies. The study did however have a strong design using randomized control trial with a 
large number of schools, and with long-term follow-up.   
Perry et al. (1998) conducted a similar study to Reynolds et al. (2000) in the testing of the 
5-a-Day Power Plus intervention, which took place with 4th grade students in the Spring, and in 
the Fall term of the same students when they were in 5th Grade. The intervention similarly 
targeted increasing fruit and vegetable consumption, with four components (Perry et al., 1998). 
The main behavioral curricula component included 16 40- to 45-minute sessions conducted twice 
a week over eight weeks. The parental involvement components included five information 
activity packets as well as four snack packs for students to make and share with their families. 
School food service also made changes by increasing promotion of fruits and vegetables at point-
of-purchase counters, and increasing the attractiveness, variety, and choice options of fruits and 
vegetables. Industry was also involved with sponsorship of fruit and vegetables snack packs, 
conducting a 30-minute presentation on fruits and vegetables, as well as providing educational 
and incentive materials. The study was conducted with 1750 4th grade students enrolled in 20 
elementary schools in matched pairs, with half of the schools receiving the interventions, and the 
other half serving as match controls. Using lunch observations, the study found that consumption 
of fruit at lunch in intervention schools was 0.74 servings after 1 year, which was significantly 
higher than 0.44 servings of fruit consumed in control schools. A similar result was also found 
using 24-hour recalls, with 2.75 daily servings of fruit consumed in intervention schools, which 
was significantly higher than the 2.13 daily servings of fruit consumed in control schools. There 
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were no significant differences in the consumption of vegetables between intervention and 
control schools. However, there was an interaction effect of intervention with girls, with girls in 
intervention schools having an increased 0.26 servings of vegetables consumed after a year, 
which was higher than the girls in control schools, while such an effect was not found for boys. 
The study employed a strong design using randomized control trial with a large number of 
schools, and with long-term follow-up. However, the study collected food consumption data 
using lunchroom observations and 24-hour recall with only a small sample of 34 students in each 
school.  
Despite the limitation of using food recall in these studies, the use of randomized 
control trial study design is a major strength. The findings of these studies suggest that it is 
very likely that these school-based multi-component interventions have a significant impact on 
self-reported consumption of fruits and vegetables in school-aged children.  
 
2.5.6 Summary of Nutrition Interventions 
 Overall, many of these nutrition intervention studies did not include a large sample of 
schools (Caraher et al., 2013; Cohen et al., 2015; Just et al., 2014; Lakkakula et al., 2011; 
Liquori et al., 1998; Quinn et al., 2003; Zellner & Cobuzzi, 2017), did not have a control group 
or the correct control group to compare to (Jarpe-Ratner et al., 2016; Just et al., 2014; Lakkakula 
et al., 2011), or did not assess and account for baseline pre-intervention (Caraher et al., 2013; 
Quinn et al., 2003). A few of the studies also relied on self-reports on questionnaires or with 
dietary recalls for consumption data (Caraher et al., 2013; Jarpe-Ratner et al., 2016; Perry et al., 
1998; Quinn et al., 2003; Reynolds et al., 2000), which can be inaccurate for children.  
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Most of the studies also only assessed short-term effects of an intervention that was not 
being implemented in real-life, and thus the impact from long-term application of such 
interventions remains unclear. In addition, carrying out such interventions long-term would 
require school administration buy-in, school district approval for school lunch menu changes, 
proper cooking facilities and equipment to execute meal changes or to conduct cooking classes, 
and sufficient funding with trained staff to properly execute these intervention program 
components. In conclusion, the field lacks strong studies executing practical interventions, 
with findings that are meaningful and generalizable.  
 
2.6 School Lunch Environmental Factors 
 
The physical surrounding space one dines in, how a meal progresses, and the people that 
we interact with during a meal, are collectively known as the food environment. The food 
environment can have a strong influence on one’s food selection and food consumption. The 
influence of the food environment on students’ food selection and food consumption during 
school lunch is no different. Analyzing school lunch environmental factors is thus a big part of 
understanding how certain factors could be a resultant of consequential manipulation of certain 
wellness intervention programs, as well as their eventual roles in influencing school lunch food 
item selection and consumption.  
 
2.6.1 Time for lunch 
Anecdotally, the lack of time is one of the most commonly given reasons of why students 
do not eat school lunch or do not eat enough of it. There have been a few studies that have 
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examined the effect of the length of school lunch has on the amount of food consumed. Bergman 
et al. (2004) compared two elementary schools, one with a 30-minute lunch, and another with a 
20-minute lunch. The study assessed the lunch consumption in 3rd to 5th grade students over 10 
days, as collected by weighing of plate waste (Bergman et al., 2004a). The study found that the 
overall weight of food waste was at 27.2% in the school with the longer lunch duration, which 
was lower by about 16% points, compared to 43.5% in the school with the shorter lunch 
duration, indicating that lunch consumption was higher with longer lunch duration. Even though 
the strength of the study included many days of sampling, and of a sizeable sample pool of 
students, only two schools were included in the study. The authors assumed that the difference in 
lunchtime of the two schools was the main contributing factor to the difference in lunch 
consumption. This was a weak extrapolation without accounting for unique school characteristics 
that lead to school clustering effects, and especially so since the data was collected from only 
two schools.  
Cohen et al. (2016), in a more recent study, rectified some of the methodological issues 
of the study by Bergman et al. (2004a) in examining the impact of the length of lunch duration 
on school lunch consumption. The study had more schools, with six schools that had varying 
lengths of school lunch, at 20, 25, and 30 minutes (Cohen et al., 2016). The study also accounted 
for the different actual sit times that different students within each school have, because some 
students got into the cafeteria earlier or later for school lunch, and/or could spend less or more 
time waiting in line to get school lunch. In their analysis, the authors also grouped the 3rd to 8th 
grade students assessed into those that had more than 25 minutes of school lunch time, and those 
that had less than 20 minutes of school lunch time. The study compared the selection and 
consumption of different food groups as measured by weighing of plate waste, over six 
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nonconsecutive days over the fall, winter and spring time periods of the school year. The study 
found that 57.3% of students with more than 25 minutes of school lunch time selected fruit, 
which was about 13% points higher than the 44.4% of students with less than 20 minutes of 
school lunch time. There was no difference in fruit consumption between the two groups of 
students. However, consumption (but not selection) of entrée, milk and vegetables, was higher in 
those with more than 25 minutes of school lunch time, by about 10-13% points (from 77.2% 
versus 64.4% for entrée, 72.6% versus 62.3% for milk, and 46.6% versus 34.8% to for 
vegetables). The strengths of the study included measuring consumption of the various food 
groups as opposed to just the total school lunch, and with repeated measurements through 
different seasons with multiple time points over the school year. Although with more schools 
than the study by Bergman et al. (2004a), the study by Cohen et al. (2016) still only has a small 
number of only six schools.  
Combined, these two studies suggest that seated time for school lunch can impact 
school lunch, and more specifically, has the potential to impact selection and consumption of 
fruits and vegetables.  
 
2.6.2 Order of lunch and recess 
Time for school lunch can seem scarce to some students that want to finish their food up 
as soon as possible so as to leave earlier and have more time for recess. Price & Just (2015) 
tested the impact on the consumption of fruits and vegetables in 1st to 6th grade students for three 
schools that switched from having recess after lunch to recess before lunch, compared with four 
schools that did not make the switch. Using observation of plate waste in 50%-serving 
increments, the study collected four days of baseline consumption data before the switch, and 
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nine days of post-intervention consumption data after the switch. The study found that fruit and 
vegetable consumption increased by 0.157 servings from baseline value of 0.3 servings, when 
compared to schools that did not make the switch. The study also found that the switch increased 
a greater proportion of students that ate at least one serving of fruit and vegetable by 10% points 
from baseline value of 22% (Price & Just, 2015). The strengths of the study were that it was a 
longitudinal pre-post study with observations in three intervention schools, and included baseline 
and post-intervention data before and after the switch. The observations spanned 14 days for 
each school, and the same was done during the same period for the four control schools without 
the switch. This totaled 8,167 and 14,772 unique student-day observations in the intervention and 
control schools, which is a very large sample size. The study also excluded potatoes, corn, and 
fruit juices, which have a high percentage of consumption rates. A weakness of the study was 
that the observation of the amount of plate waste was recorded at 0.5 serving increments, which 
provided low precision data.  
Two other studies (Bergman et al., 2004b; Fenton et al., 2015) did not implement an 
intervention of switching from recess after lunch to recess before lunch, but analyzed the 
associations of recess before lunch with fruit and vegetable consumption. The studies both found 
that recess before lunch was associated with higher consumption of fruits and vegetables.   
 Findings from these studies suggest that the order of lunch and recess is related to 
consumption of fruits and vegetables, and that scheduling recess before lunch may be more 
likely to increase fruit and vegetable consumption by as much as 1/3 of a cup.  
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2.6.3 Pre-plating of fruit and vegetables items on lunch trays  
Minimizing the wait time in the school lunch line is one way to maximizing the amount 
of time there is for students to get and eat their food. One solution that staff use is to pre-plate 
lunch trays with certain food items ahead of time to reduce the time that students spend making 
food item selections. Elementary schools are not regulated as to whether they have to give 
students the choice to select which food items they want on their trays or whether staff can just 
pre-plate lunch trays (offer vs. serve) (USDA, 2015).  
In their two-part study, Just & Price (2013) examined 15 schools from two different 
districts that had different policies of pre-plating or not pre-plating fruit and vegetable items on 
school lunch trays. In the second part of their study, the authors also examined three additional 
schools before and after implementation of a policy switch to pre-plating fruit and vegetable 
items on the school lunch trays from not pre-plating (Just & Price, 2013). Using observation of 
plate waste in 50%-serving increments, the study collected at least five days of food 
consumption data per school in part one of the study. In part two of the study, four to nine days 
of baseline data was collected per school before the switch, and three to ten days of post-
intervention data was collected per school after the switch to pre-plating. In part one of the study, 
Just & Price (2013) did not find any significant differences in the proportion of students that ate 
at least one serving of fruit and vegetable between schools in the two districts with different pre-
plating policies (33-35%). It was unclear if the proportion of students that ate at least one serving 
of fruit and vegetables could have potentially been affected by pre-plating policy, since the 
policy was limited within each school district, and there could have been clustering effects. It 
was possible that the proportion might not remain at this same level if the schools in these two 
districts had the opposite pre-plating policy.  
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Part two of the study examined this change from not pre-plating fruit and vegetable items 
to pre-plating fruit and vegetable items on school lunch trays. The study found that there was an 
8% point increase to 28% of students that ate at least one serving of fruit and vegetable, from a 
baseline proportion of 20%. The study found that there was a 10% point increase to 35% of 
students that ate a partial serving of fruit and vegetable, from a baseline proportion of 25%. It 
should be noted that waste also increased from 0.17 servings to 0.92 servings thrown. The 
strength of this part two of the study was that it was a longitudinal pre-post study with 
observations in three intervention schools, and included baseline and post-intervention data 
before and after the switch. However, this data was not compared with data from match control 
schools. A weakness of the study was that the observation of the amount of plate waste was 
recorded at 0.5 serving increments, which provided low precision data of actual servings 
consumed or wasted. Regardless, this study emphasized the potential positive impact of pre-
plating fruits and vegetables on school lunch consumption, although often at the expense of 
increasing food waste. 
 
2.6.4 Self-serving of fruits and vegetables 
In contrast with pre-plating of fruit and vegetable items is to allow children to have the 
free choice of selection. Hakim & Meissen (2013) conducted a study in one public school with 
586 Kindergarten to 8th grade students, to investigate the impact on consumption when given an 
active choice of selecting a fruit or vegetable item from three options. Using observation of plate 
waste recorded to the nearest 1%, the study collected 10 days of consumption data each from one 
month of baseline period, and one month of active choice intervention (Hakim & Meissen, 
2013). The study also weighed the plate waste for a 10% subset of the lunch consumption data 
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collected as an additional verification of data. The study found that when given an active choice 
to select from three options, fruit consumption increased from 48.26% to 63.23%, and vegetable 
consumption increased from 18.61% to 34.2%. The study also found that when given an active 
choice to select from three options, the proportion of students that ate more than 50% of fruit 
increased from 50.83% to 68.3%, and the proportion of students that ate more than 50% of 
vegetables increased from 19.55% to 38.57%. The strengths of the study were the precise data 
collection method, using observation of plate waste precise to 1%, verified with weighing, as 
well as the 10 days of data collection per study time period. A weakness of the study is that there 
are no control schools.  
The findings by Hakim & Meissen (2013) do not necessarily contradict the findings by 
Just & Price (2013) on pre-plating of fruit and vegetable items increasing their consumption. 
Since three options of fruit and vegetable items were provided for selection when students during 
the intervention period testing active choice, the study was really investigating the impact of 
active choice in selection with an increase in variety of options. Research has previously shown 
that increasing the variety of food options will increase consumption (Kahn & Wansink, 2004; 
Rolls et al., 1981), and research related to fruit and vegetable selection in schools will be 
discussed in the next section.  
Adams et al. (2005) investigated the differences in fruit and vegetable consumption when 
students were allowed to self-serve any amount of fruit and vegetable items from a salad bar, and 
when the fruit and vegetable items are pre-portioned at a fixed quantity. Two schools in one 
school district had been using a self-serve salad bar for over 10 years, and two other schools in 
another school district serves pre-portioned fruit and vegetable items. Across all the 288 
assenting students analyzed, the mean weight of fruit and vegetable taken and consumed were 
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not different between schools that used self-serving or pre-portioning of fruit and vegetable items 
(Adams et al., 2005). Like the first part of the study by Just & Price (2013), there was the 
potential weakness of this study design in selecting schools clustered in different districts with 
different school lunch operations policies. In addition, the study only collected data from one 
day, which did not provide enough power for detecting differences. Along the same concept, a 
study by Miller et al. (2015) found that increasing the portion size of fruit and vegetable served 
also increased the consumption among those that selected that fruit or vegetable item (Miller et 
al., 2015).  
These studies suggest that giving children the option to self-serve a fruit and vegetable 
option might not necessarily increase fruit and vegetable consumption. Larger pre-weighted 
portions and increased variety of options might be the driving force in increasing fruit and 
vegetable consumption.  
 
2.6.5 Variety of fruit or vegetable options 
Besides pre-plating of fruit and vegetables items during school lunch, increasing variety 
of fruit and vegetable options served could also increase their consumption. Research has 
previously shown that increasing the variety of food options will increase consumption (Kahn & 
Wansink, 2004; Rolls et al., 1981). Just et al. (2012) explored this impact of varying numbers of 
fruit and vegetable item options in school lunch on fruit and vegetable consumption. The study 
used observation of plate waste in 50%-serving increments in a cross-sectional study design, and 
collected 48,533 child-day observations across 22 schools over 188 days (Just et al., 2012). The 
study found that adding one additional fruit or vegetable item, and doubling the number of fruit 
and vegetable items, increased the proportion of students eating at least one portion of fruit and 
 53 
vegetable by 3% and 9% points, respectively. The strength of the study was that the consumption 
data collected from a large number of schools over many days. However, a weakness of the 
study was that the study did not analyze the mean value of amount of fruits and vegetables 
consumed with increased variety of fruits and vegetables, probably because the study 
observation of the amount of plate waste was recorded at 0.5 serving increments, which provided 
low precision data of actual servings consumed or wasted. Despite this limitation of low-
precision data, the study still suggested that increasing the variety of fruit and vegetable 
options could increase consumption in students.   
 
2.6.6 Slicing of fruits 
Certain school lunch environmental factors tested have been specific to fruit or vegetable 
consumption. Wansink et al. (2013) tested the effect of slicing of apples on apple consumption in 
six middle schools with 2,150 students. Using observation of plate waste of uneaten apples 
thrown away in 25%-serving increments, the study collected fruit consumption data over two 
days per school per time period (Wansink et al., 2013). Three of the schools were assessed on 
two days during a baseline period, and again on two during an intervention period during which 
the apples were sliced. The other three schools served as control schools and were only assessed 
on two days during the same study intervention period. The study found that when apples were 
sliced, the selection/sales increased by 71%, and the proportion of students that ate half or more 
of the fruit increased by 73%. The strength of the study was that data was collected before and 
after the implementation of the fruit slicer in two of the three intervention schools, and compared 
to data collected during the same period in the three control schools. However, the overall 
sample size of schools was small at only six schools, and there were only two days of 
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observations per time period. In addition, there was no data collected during baseline period for 
the control schools, and so differences from school-based clustering effects at baseline was not 
accounted for in the analysis.  
In a similar study, Swanson et al. (2009) tested an intervention of slicing both oranges 
and apples. Using photography of pre-meal and post-meal lunch trays of plate waste to determine 
the food consumption, the study collected data from 488 kindergarten to 4th grade students in one 
elementary school (Swanson et al., 2009). Data was collected on two separate days, one with 
whole oranges and apples served, and one with the fruits sliced. The study found that selection of 
oranges was at 16.2% when sliced, which was over 10% higher than the 5.5% of oranges 
selected when they were served whole. The proportion of students that ate at least half of the 
oranges when sliced was at 10.2%, which was close to 7% higher than the 2.3% of students that 
ate that ate at least half of the oranges when served whole. These differences were however not 
found for apples. The strength of the study was the large number of student consumption data 
collected, using photography. However, the study was only conducted in one school, and one day 
of consumption data per condition of whether fruit was served whole or sliced. Differences in 
other food items in the school lunch menu served that could affect the amount of fruit eaten, 
particularly with only one day of consumption data, thus become potential confounders that 
should be controlled for but was not. Overall, even though these two studies had their 
weaknesses, they do indicate that slicing of fruits can increase their consumption.   
 
2.6.7 Whole fruits in an attractive serving bowl 
When fruits are not sliced, displaying of fresh whole fruits in attractive serving fruit 
bowls could help increase the appeal of fruits and thus help increase selection and possibly 
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consumption of fruits. This school lunch environmental factor of improving presentation of fruits 
served have been proposed to potentially have an impact in increasing school lunch food item 
selection and consumption, and was included as part of proposed USDA recommendations as 
part of the Smarter Lunchrooms Movement (Cornell Center for Behavioral Economics in Child 
Nutrition Program, Smarter Lunchroom Score Card). This factor was part of a group of various 
factors that were changed as part of testing the Smarter Lunchrooms intervention in two high 
schools in a study by Hanks et al. (2013). Other changes as part of the Smarter Lunchrooms 
intervention included making selection of fruits and vegetables more convenient, such as placing 
fresh fruits next to the cash registers, and also making selection of fruits and vegetables more 
normative, such as verbal prompts by staff in selecting or trying fruits and vegetables (Hanks et 
al., 2013). The study conducted observations of plate waste in 50%-serving increments, over six 
days in each of the two high schools that underwent the intervention. Two days of observations 
were conducted before the implementation of the intervention, and the other four days were 
conduction after the implementation of the Smarter Lunchrooms intervention. The study found 
that with the intervention, the proportion of students that selected fruit increased by 6.4% points, 
from 47.3% before the intervention, to 53.7% after the intervention. The proportion of students 
that ate at least half a serving of fruit increased by 7.3% points, from 40.4% before the 
intervention, to 47.7% after the intervention, and the amount of fruit consumed increased by 
18%. The study also found that with the intervention, the proportion of students that selected 
vegetables increased by 8.2% points, from 35.8% before the intervention, to 44.0% after the 
intervention. The proportion of students that ate at least half a serving of vegetables increased by 
8.3% points, from 33.7% before the intervention, to 42.0% after the intervention, and the amount 
of fruit consumed increased by 25%. The strength of the study was that data was collected before 
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and after the implementation of the intervention in schools. However, there was no comparison 
to match control schools during the same time periods. The overall sample size of schools was 
small at only two schools, and there were only two days of observations at baseline before the 
implementation of the intervention. These findings suggest that the presentation of fruits can 
impact fruit consumption. Based on research from the Smarter Lunchrooms Movement, 
display and location of fresh whole fruits in a cafeteria can significantly increase selection 
and consumption of fruit.  
 
2.6.8 Vegetables placed first in service line 
Another school lunch environmental factor found in the Smarter Lunchrooms Score Card 
is placing of vegetables as the first item in the order of items displayed in the serving line. This 
factor was never specifically tested, but was based on the conclusions of a study by Wansink & 
Hanks (2013) testing the selection of fruits when they were placed first in a buffet line instead of 
last. The study was conducted with adults at a conference instead of with children in a school, 
and did not measure food consumption (Wansink & Hanks, 2013). The study conducted 
observations of the frequency of the food items selected in two different buffet lines, one with 
fruits placed as the first item in the line, and one with fruits placed as the last item in the line. 
The study found that placing fruits first in a buffet line instead of last, increased the frequency of 
selection from 53.8% to 86.4%. The strength of the study was that it was conducted in a real-
world setting instead in a laboratory setting. However, the study only conducted one day of 
observation with two lines that existed simultaneously, which presents a confounder that 
participants could have self-selected into the different lines.   
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Another study by Elsbernd et al. (2016) tested a similar concept, by serving students 
standing in line a portion of vegetables (bell peppers) first and informing them that the portion 
provided is to be consumed in line. Conducted in one elementary school, the study collected 
consumption data from at least 500 students per day using observation of plate waste in 25%-
serving increments (Elsbernd et al., 2016). Consumption data was collected on five non-
consecutive days each three weeks apart to control for the same items on the lunch menu, with 
one baseline day before implementation of the intervention, three intervention days, and one 
follow-up day after the end of the intervention. The study found that the intervention increased 
the proportion of students that took peppers from an average of 8% to an average of 65%, and 
also increased the proportion of students that ate any amount of peppers from an average of 6% 
to an average of 33%. The overall bell pepper consumption was also high at 4.1g when the bell 
peppers were served first, compared to a mean of 1.4 g when they were not served first. The bulk 
of the consumption (75%) was from the first portion of bell pepper served when the students 
were standing in line, and not from the second portion selected from the self-serve salad bar. The 
strength of the study was that consumption data was collected on days with the same menu items 
for the school lunch to minimize confounding effect from other food items in the school lunch 
menu served that could affect the amount of vegetables eaten. However, the study only tested the 
intervention in one school, and did not include match control schools.     
Placing vegetables as the first item in a serving line is a recommendation included the 
Smarter Lunchrooms Score Card. However, there have not been any prior studies 
investigating the strength of this school lunch environmental factor in isolation, and thus 
more research is warranted.  
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2.6.9 Salad bar as part of service line 
Like the order of food items in the serving line, the placement of self-serving salad bar 
can also influence selection and consumption of fruit and vegetable items. Adams et al. (2015) in 
a cross-sectional study examined fruit and vegetable selection and consumption in three middle 
schools in one district that had a salad bar as part of the serving line, and in three middle schools 
in another district that had a salad bar outside of the serving line. Using weighing of selected 
salad bar items and the subsequent waste, the study collected data on one day per school, with a 
total of 503 6th to 8th grade students from all six schools (Adams et al., 2016). The study found 
that proportion of students that selected any fruit and vegetable items was at a high of 98.6% 
when the salad bar was part of the serving line, compared to only 22.6% when the salad bar 
outside of the serving line. Students in schools with the salad bar that was part of the serving line 
was also found to be 4.83 more likely to consume any fruit and vegetable than students in 
schools with the salad bar outside of the serving line. It should be noted that the study has some 
major flaws with only one day of sampling in each school, without controlling for the menu 
items served. The schools were also clustered within districts, with one district having salad bars 
as part of the serving line and the other outside of the serving line, and so differences could 
reflect the selection and consumption patterns of the district and not the actual serving line 
layout. There was also a major confounder that the schools with salad bars outside of the line had 
less number of different of fruit and vegetable items in the salad bar. As described above, the 
variety of fruit and vegetable item options can strongly influence the selection and consumption 
of fruits and vegetables. Additionally, three of the schools with salad bars outside of the line 
served potatoes and 100% juice as opposed to one of the school with salad bar as part of the line 
serving potatoes. Since potatoes and juice can be popular items that would compete with other 
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fruits and vegetable items, they should not have been served in the first place on test days (Kim 
et al., 2014). Instead, the selection and consumption data from potatoes and juice was deleted 
from the fruit and vegetable selection and consumption data post-hoc, which would majorly 
deflate the selection and consumption values (Graziose & Ang, 2016). Despite these limitations, 
there is logical reasoning to believe that placing salad bar as part of the serving line would 
increase selection and consumption of salad bar items, and more research should be done to 
verify this.  
  
2.6.10 Summary of School lunch environmental factors 
In summary, the above studies have isolated various specific school lunch 
environmental factors and tested their effects on fruit and vegetable intake. Taken together, 
we can see the strong impact each of these factors has in affecting fruit and vegetable intake 
at school lunch. It should also be noted that many of these studies are short-term studies that 
introduced a change, and it is unclear if the differences found were due to the novelty 
(Hawthorne effect) or if they have long-lasting impacts on behaviors.  
Many of the studies also only examined the effects of these environmental factors in a 
cross-sectional study design (Adams et al., 2016; Adams et al., 2005; Bergman et al., 2004a; 
Bergman et al., 2004b; Cohen et al., 2016; Fenton et al., 2015; Just et al., 2012; Schwartz, 2007; 
Wansink & Hanks, 2013; Wansink et al., 2013). The flaw of this approach was that the 
differences detected between the groups of schools could have been due to the school food 
environment factor identified, or other potential characteristics of the schools. For the few that 
did examine the longitudinal effects before and after an implementation of an intervention that 
changes the school food environment factors, all but one (Price & Just, 2015) conducted their 
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study with a small sample of schools and without match control schools that did not implement 
the intervention (Elsbernd et al., 2016; Hakim & Meissen, 2013; Hanks et al., 2013; Just & Price, 
2013; Miller et al., 2015; Swanson et al., 2009).  
All the studies that examined school lunch environmental factors, except for the one by 
Hanks et al. (2013), tested each environmental factor in isolation (Hanks et al., 2013). This 
presents a gap in the literature in assessing the impact of these various school food environment 
factors in conjunction with one another. 
 
2.7 Data Collection of Food Consumption in Children 
 
2.7.1 Dietary recall 
Assessing accurate food consumption to determine the impact of nutrition intervention 
programs and food environmental factors is a difficult task, and particularly more so in children. 
In using dietary recalls with children, items that were consumed could be left out in the recall, 
also known as omissions, and items that were not consumed could also be erroneously reported 
as having been consumed, also known intrusions. Prior research has found that dietary recall in 
children for food that they have consumed is not reliable, even in older 4th grade students (Baxter 
et al., 2002; Baxter et al., 2003). 
Baxter et al. (2002) tested the omission and intrusions rates of dietary recalls with 4th 
grade students from six public elementary schools. In the study, 104 students were observed 
during school breakfast and lunch, and then interviewed for a 24-hour dietary recall on the 
following day (Baxter et al., 2002). Research staff observed one to three students at a time, 
recording consumption data as none (0%), taste (10%), bit (25%), half (50%), most (75%) or all 
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(100%) eaten. Dietary recall interviews were conducted using multiple-pass system with four 
passes. Each student was observed and interviewed one to three times, yielding a total of 275 
total recalls with observations. The study found that the overall omission rate for all foods was 
54%, with 71% for fruits, and 72% for vegetables. The overall intrusion rate for all foods was 
41%, with 48% for fruits, and 50% for vegetables.  
Baxter et al. (2003) further tested the omission and intrusion rates for dietary recalls of 
school breakfast and school lunch, when they were conducted in-person as compared to when 
over the telephone. As opposed to 24-hour dietary recalls conducted on the following day, the 
dietary recall interviews were conducted on the same day in the evening (Baxter et al., 2003). 
The study collected data from 33 4th grade students that were interviewed in person, and from 36 
4th grade students that were interviewed over the telephone. Like in Baxter et al. (2002), research 
staff observed one to three students at a time, recording consumption data as none (0%), taste 
(10%), bit (25%), half (50%), most (75%) or all (100%) eaten. Dietary recall interviews were 
also conducted using multiple-pass system with four passes. The study found that the omission 
rates were 34% for in-person recalls, and 32% for telephone recalls, while the intrusion rates 
were 19% for in-person recalls, and 16% for telephone recalls. The omission and intrusion rates 
were not significantly different between the two recall methods. Comparing the values without 
any statistical analysis, the omission and intrusion rates are lower than in Baxter et al. (2002), 
perhaps due to the recall session being conducted on the same day as opposed to the following 
day. This means that the time delay separation was lower since the interview session was 
conducted closer to when the meals occurred.  
Combining data from different studies over a few years, Baxter et al. (2009) examined 
the effect of when a dietary recall session was conducted on the intrusion and omission rates of 
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school breakfast and lunch consumption. The study used data from 374 4th grade students from 
10 public elementary schools (Baxter et al., 2009). Research staff observed one to three students 
at a time, recording consumption data as none (0%), taste (10%), bit (25%), half (50%), most 
(75%) or all (100%) eaten. Dietary recall interviews were also conducted using multiple-pass 
system with four passes, in the morning, afternoon or evening. The dietary recall interviews were 
conducted either as a recall of the prior 24 hours from the interview session, or of the previous 
day. The study found that the omission and intrusion rates were lower when the interview 
sessions were conducted as recalls of the prior 24 hours as opposed to as recalls of the previous 
day. The omission and intrusion rates were also the lowest at 42% and 22% when conducted in 
the afternoon and as recalls of the prior 24 hours, since the time delay separation from when the 
breakfast and lunch occurred would be the lowest.  
Dietary recall interviews can be time- and labor- intensive, and requires many hours of 
staff training in able for mastery of the multiple-pass recall system. Self-report recall surveys can 
help drastically minimize the time and cost required in staff labor, and allow for more data to be 
collected at a time than with one-on-one interviews. Paxton et al. (2011) tested the omission and 
intrusion rates of a self-report lunch recall survey covering just fruit and vegetable items, when 
compared with consumption collected with observations. The study collected 37 sets of both 
lunch recall survey data and observation data from 18 children over multiple days (Paxton et al., 
2011). The children were 3rd to 5th grade students from one elementary school aged 8 to 11 years 
old. The research staff observed two to three students at a time, recording consumption data as 
none (0%), taste (10%), bit (25%), half (50%), most (75%) or all (100%) eaten. The lunch recall 
survey was administered within 10 minutes after the students completed eating lunch, to 
minimize the time delay separation of the survey from the meal and maximize recall accuracy. 
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The study found that the omission and intrusion rates for fruit and vegetable items consumed 
during school lunch were 6% and 10% respectively. These omission and intrusion rates for data 
collected with the lunch recall survey were much lower than those found in the studies above 
using dietary recalls covering 24-hour period of all foods consumed. A meal-specific recall 
survey targeting certain food groups could thus be an effective measurement tool for 
consumption of fruits and vegetables.  
 
2.7.2 Weighing 
Weighing of food items from lunch trays before and after consumption of school lunch 
could be considered the most accurate method in determining the amount of food consumed. 
Weighing is often used as the standard whereby the accuracy of other methods of data collection 
of food consumption is benchmarked against. Williamson et al. (2003) compared the accuracy of 
using observation or digital photography with prepared test meals. Three trained research staff 
used observation and six research staff used digital photography to assess a total of 60 test meal 
plates created from 10 different portions of six different menus (Williamson et al., 2003). Test 
meals were prepared and weighed, and varying weighed portions of food were discarded to 
simulate post-meal consumption. The research staff assessed the test meal plates to determine the 
plate waste left on the post-meal plates to determine the amount of food consumption. The study 
found that the correlation of food consumption as determined by observation when compared to 
the known amount from weighing was between 0.94 to 0.97 for the entrée, starch, 
fruit/vegetable, and dessert components; the correlation of food consumption as determined by 
digital photography when compared to the known amount from weighing were 0.82 to 0.93 for 
the entrée, starch, fruit/vegetable, and dessert components. The correlations from using 
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observation for each of the food components were all significantly higher than the same 
correlations from digital photography.   
The study by Williamson et al. (2003) was not conducted in a real-life setting. A similar 
study by Martins et al (2014) compared the differences between observation and weighing in 
determining the amount of actual school lunch entrées. The study collected data from 471 4th 
grade students aged nine to ten years old from 21 public primary schools in Portugal (Martins et 
al., 2014). Stickers with unique codes were placed on lunch plates, and the plates were weighed 
empty, after plating of food before they were picked up by the students, and at the end of the 
meal. Research staff observed the students with the stickers on their lunch plates, and recorded 
consumption data as 0%, 5%, 25%, 50%, 75%, or 100% eaten. The study found that the variation 
coefficients between observation and weighing ranged from 5.55 to 24.7% across different lunch 
entrées. In general, data from all but three schools found that using observation overestimates the 
amount of plate waste (i.e. underestimate the amount consumed) by 8.0 g on an individual level, 
and by 7.2g on a group-based level. The strength of the study was that the data was collected 
from a large number of schools and students. However, the study did not check for the inter-
observer reliability amongst the three research staff using observation. The study also only had 
one research staff all the students within the lunch period, which would be a stretch in getting 
accurate data.   
Weighing of lunch trays could provide accurate data of food consumption, but do present 
problems for practical execution. Weighing of lunch trays could be time-consuming since 
different food components of the school lunch would have to be separated. Weighing of lunch 
trays before the meal could be intrusive on the kitchen staff for lunch trays to be weighed before 
and after they are plated with food. Weighing of lunch trays after the meal would require 
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sufficient space for the lunch trays to be laid out, and for the components of each tray to get 
separated and weighed. These steps could potentially be messy, and could also interrupt the 
normal routine of how school lunch operates and take away time from the students to eat. The 
protocol could be modified to minimize the time-consuming and labor-intensity required when 
collecting food consumption by weighing. Ishdorj et al. (2015) utilized a weighing of only a 
sample of five to ten lunch trays, and aggregating all plate waste from the lunch trays together 
for each food components. The aggregated school-wide values were then divided with the total 
number of lunch trays to get a mean individual value of school lunch consumption (Ishdorj et al., 
2015). The downside of this protocol is that it loses getting the data on an individual-level to 
examine the variability and range of consumption.  
 
2.7.3 Digital photography 
Using photography to capture images of lunch trays before and after consumption of 
school lunch is a powerful data collection method that could be used en masse with minimal 
interruptions of school lunch operations (Swanson, 2008). Taking digital photographs of the 
lunch trays also do not require a large amount of space for set-up unlike with weighing. With 
low-cost of digital cameras these days, digital photography provides easy collection of data with 
minimal staff labor. Subtracting the amount of plate waste left on lunch trays in the post-lunch 
photos from the starting amount of food on lunch trays in the pre-meal photo would provide the 
estimated amount of food consumed on an individual-level. Comparing pre- and post-meal 
photographs of lunch trays also present difficulties in judging the amount of food consumed, 
since two-dimensional still images do not provide depth or sufficient clarity. This coding and 
analysis of the photographs could be time-consuming and labor-intensive, requiring many hours 
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by trained research staff. However, they can happen in the leisure setting in an office as opposed 
to within a short lunch period that could potentially be high-stressed. 
Swanson (2008) tested the inter-rater reliability (IRR) of different research staff in coding 
of the digital photographs to derive food consumption data. Pre- and post-meal photos were 
taken for 826 lunch trays of 1st and 5th grade students from four lunch periods in two elementary 
schools (Swanson, 2008). Pre-meal photographs were taken right after the students left the 
serving line, and students were instructed to leave their lunch trays on the table for the post-meal 
photographs to be taken. Food consumption was coded using 10%-serving increments by pairs of 
research staff. The study found that amount consumed coded by the pairs of research staff fell 
within 10% for 92% of the 5394 unique food items, and fell within 20% for 97% of the 5394 
unique food items. The study also found that the fruits were frequently missing in the post-meal 
photos, with 24% of trays with oranges and 29% of trays with apples missing the presence of the 
fruit in the post-meal photo. It was thus unclear if they were completely eaten (though should 
still leave traces of peels and cores), or not eaten and kept or thrown away.  
Using digital photographs during school lunch allow for the capture of a snapshot of the 
meals, which could be stored long-term and accessed later for analysis. The limitation of this 
method is that the pre-meal and post-meal snapshots might not capture additional information of 
what happens during the meal process. There are instances when food items could be repeatedly 
added to the lunch tray as the child is eating after the pre-meal photo has been taken, such as 
with selection of fruit and vegetable items from a self-serve salad bar. Digital photography also 
makes the inaccurate assumption that all food not left on the tray is consumed, when in actuality 
they could be absent due to spillage, and also trading and sharing, which does occur in high 
frequency (Baxter et al., 2001). This could be resolved by a protocol that requires multiple 
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photographs to be taken with each additional selection through the school lunch period, but 
would present a new problem of being too intrusive and disruptive of the school lunch process.  
 
2.7.4 Observations 
Observations of children can be a non-intrusive accurate data collection method, and has 
been used in various studies (Ball et al., 2007; Baxter & Thompson, 2002; Baxter et al., 2001; 
Baxter et al., 2002; Baxter et al., 2003; Paxton et al., 2011). Observation of two or three children 
at once can provide accurate data that captures trading and sharing but is limiting in the amount 
of data that can be collected with limited manpower and budget. In the study by Baxter et al. 
(2009) described above, food consumption was recorded as none (0%), taste (10%), bit (25%), 
half (50%), most (75%) or all (100%) eaten. On days selected for analysis of inter-observer 
reliability (IOR) agreement, pairs of different research staff would observe the same two or three 
children. The IOR agreement rates were calculated as percentages of food items that were rated 
by the pairs of different research staff as having consumption amounts that fell within 25% of 
each other. Over each yearly period of the three years of the study, data for IOR agreement rates 
were calculated form 48, 83 and 18 children for the three years of the study. The study found that 
the IOR agreement rates were all well above the acceptable rate of 90%, at 94%, 96%, and 97% 
(Baxter et al., 2009). 
Observation commonly use the quarter-waste method (Hanks et al., 2014) that records 
consumption amounts in 25%-serving increments of 0%, 25%, 50%, 75%, and 100%, or 
sometimes a variation of it with an additional level of taste/bite which is coded as 5% (Martins et 
al., 2014) or 10% (Baxter et al., 2009; Baxter & Thompson, 2002; Baxter et al., 2001; Baxter et 
al., 2002; Baxter et al., 2003; Paxton et al., 2011). In the study by Hanks et al. (2014), the inter-
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method reliability was calculated for quarter-waste method, half-waste method (0%, 50%, and 
100%) and digital photography, benchmarked against amount as measured from weighing. A 
total of 197 trays from kindergarten to 5th grade students in one elementary school were assessed. 
The study found that using the quarter-waste method, 15 of the 19 food items assessed had 0.80 
or better correlation with food consumption as determined from weighing. Using the half-waste 
method, only 12 of the 19 food items assessed had 0.80 or better correlation with food 
consumption as determined from weighing. The overall reliability measures of the quarter-waste 
method, half-waste methods, and photography were 0.90, 0.83, and 0.48, with the quarter-waste 
method that was most highly correlated with the food consumption as determined from 
weighing. The study demonstrated that even though digital photographs were coded in 10%-
increments, while quarter-waste method were in 25%-serving increments, observation using the 
quarter-waste method achieved better correlation with the actual weight of food consumed.  
 
2.7.5 Summary of data collection of food consumption 
Overall, these findings from extensive research done over the years suggest that there are 
many ways to measure school lunch consumption that researchers have explored. Each of these 
methods presents unique strengths and limitations. With study samples of children of young age, 
food recalls might not provide accurate data. For school-based interventions promoting fruit and 
vegetable consumption, direct observation has a specific advantage of being able to capture 
trades and repeated selection of fruit and vegetable items from a self-serve salad bar throughout a 
lunch period. Even though using observations requires more staff on site for sufficient data 
collected, it reduces the amount of work on the backend that digital photography requires. 
Additionally, unlike digital photography or weighing, observations work better in tight 
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cafeteria spaces that do not allow for additional set up of tables and instruments, and also does 
not add any disruptions to the regular running of school lunch.   
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CHAPTER 3: METHODS 
 
3.1 Brief Summary 
 
The current investigation evaluated the impact of one year of WITS programming, as 
well as school lunch environmental factors, on school lunch consumption of fruits, vegetables, 
and salad bar items, in 2nd and 3rd grade students. This study was part of a larger main study that 
is evaluating the impact of two years of the WITS programming on school lunch food selection 
and consumption, physical activity levels and social interactions at recess, school environmental 
factors, students’ readiness to learn in class, and theory-based mediators of change, in New York 
City low-income urban elementary school students, over two years. This study is a non-
randomized controlled trial, with seven intervention schools receiving the WITS programming, 
and seven matched control schools. WITS intervention schools received the WITS programming 
during the 2015-2016 and 2016-2017 academic years. Control schools did not receive any WITS 
programming.  
WITS is a national non-profit organization with the aim of implementing programs in 
schools that help facilitate healthy eating and positive group play in children. Started in 2005, 
WITS currently has two main arms of programming: 1) Cook for Kids, and 2) Coach for Kids. In 
Fall 2014, WITS approached the Laurie M. Tisch Center for Food, Education and Policy (Tisch 
Food Center) to conduct a two-year study evaluating the impact of their programming. This 
chapter describes the methods from the pilot and main study, with a focus on the methods and 
measures relevant to the current investigation that examined the one-year impact on school lunch 
dietary outcomes and school lunch environmental factors.  
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3.2 Study Design of Main Study 
 
The main study is a quasi-experimental, non-randomized control trial. The main study 
included seven intervention schools that received the WITS programming, and seven control 
schools matched with each of the WITS intervention schools. The main outcomes are changes in 
school lunch food selection and consumption, physical activity levels and social interactions at 
recess, school lunch, recess, and policy environmental factors, students’ readiness to learn in 
class, and theory-based mediators of change.   
A pilot study was conducted in May 2015 to test the reliability of the instruments and the 
feasibility of the protocols. Both the pilot and main evaluation study received approval from the 
Institutional Review Boards (IRB) of both Teachers College, Columbia University (TC), and the 
New York City Department of Education (NYCDOE) (Pilot Study: TC IRB #15-244, NYCDOE 
IRB #981; Main Study: TC IRB #15-413, NYCDOE IRB #1051). Data collection for the main 
study was conducted over three time periods: 1) Time 0: September-November 2015, 2) Time 1: 
March-May 2016, and 3) Time 2: March-May 2017 (Appendix 3.1).  
School lunch food on tray and consumption of students was assessed by observation. 
School lunch food on tray and consumption data was collected over three school days (32 
students per day over 3 days = 96 school lunch observations) for each school at the three study 
time periods (Appendix 3.1). School lunch environmental factors, and level of implementation of 
selected WITS Cook for Kids program components were also assessed by observation. School 
lunch environmental factors were assessed one day for each school at Time 0 and Time 1 study 
periods, on one of the days that data of food on tray and food consumption was assessed. 
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Additional instruments were also used to assess physical activity levels and social interactions at 
recess, school recess and policy environmental factors, students’ readiness to learn in class, and 
theory-based mediators of change, but their data were not used in this study (Appendix 3.1 & 
3.2). 
 
3.3 Setting and Participants 
 
3.3.1 Recruitment of Schools 
New York City public schools that were interested in receiving the WITS programming 
submitted an application online to WITS on their website. There was no active recruitment of 
schools, and schools learn about WITS from word of mouth or from their online search. After 
receiving applications, WITS staff members reviewed the applications and visited the schools to 
decide on the school selection. Schools that wanted to receive the WITS programming had to 
contribute part of the financial costs. Schools were able to cover this financial cost by conducting 
a school-wide fundraising, applying for grants, or winning awards through school-based 
competitions. The final percentage of the financial cost paid by a school was determined with 
negotiations and adjusted on a sliding scale on a case-by-case basis. The rest of the financial cost 
was covered by WITS.  
For the 2015-2016 school year, seven elementary schools were accepted to receive the 
WITS programming starting in September 2015. Actual school names are removed and will 
henceforth be referred to by their de-identified names W1 to W7. All seven of these new WITS 
intervention schools were approached to participate in the upcoming evaluation study and all of 
the schools agreed.  
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For each of the seven WITS schools, a matched control school was selected from the pool 
of remaining 851 New York City (NYC) Public Elementary Schools that were not designated for 
closure. Using the propensity score developed by Tipton (2013) for selecting matching schools in 
behavioral-based studies, a list of high-matching potential control schools was generated for each 
of the seven WITS schools (Tipton, 2013). The following criteria were used in the calculation of 
the propensity score: percentage students who qualified for free or reduced price lunch, 
percentage Black students, percentage Hispanic students, English Language Arts (ELA) mean 
scale score, Math mean scale score, 2nd grade enrollment, 3rd grade enrollment, and NYC 
borough.  
Due to schools W6 and W7 being co-located new schools that had only Kindergarten 
through 4th grade and a smaller school size, the generated number of potential control schools 
that matched the criteria within the borough of Bronx was very low (combined pool of eight 
schools). There were no schools from this small pool of eight that were interested in participating 
in the study and that also met additional inclusion/exclusion criteria (outlined below). The 
criterion of borough was dropped in order to generate additional potential control schools for 
schools W6 and W7.  
Lists of high-matching potential control schools were generated for each WITS school. 
About 10 schools matching with each WITS school were concurrently contacted by email and/or 
by phone. A recruitment flyer that briefly outlined the research study and commitments was then 
sent via email or fax after initial contact. Schools were contacted based on their appearance in 
the list, which were generated in random order. If there were poor responses of interests, or 
difficulties in communicating with the schools from the set of contacted schools, a next set of 
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about 10 schools were contacted. This continued until a match control school was confirmed for 
each WITS school. 
Schools that were interested in participation in the study were screened for meeting 
inclusion and exclusion criteria. The first schools that matched with each of the WITS 
intervention school and that met all criteria were officially enrolled in the study after the 
Principal signed the NYCDOE’s Approval to Conduct Research in Schools form. Schools were 
committed to participate in the two-year time period for the larger main evaluation study (Figure 
3.1).  
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3.3.2 Inclusion and exclusion criteria 
Potential control schools were excluded if they met any of the following criteria: 
• Previously received or currently receiving WITS programming 
• Currently receiving intervention programming similar to WITS 
• School lunch menu did not follow NYC School Food lunch menu or was the vegetarian 
menu from the NYC school food 
• Had organized physical activity program during recess that was ran by an external 
organization 
• Did not have a kitchen and/or an in-school cook, or caters school lunch 
• Had less than 50% of students that qualified for free and reduced priced lunch 
• Was inaccessible by New York City public transportation and thus practically hinder data 




WITS intervention schools received the WITS programming starting from September 
2015 that continued through the last week of June 2016 when the school year ended. As part of 
the Cook for Kids and Coach for Kids programming, a WITS Chef and a WITS Coach worked in 
each school on every school day during the first year of intervention. The WITS Chef was a 
culinary graduate that received 27.5 hours of WITS training prior to the start of the school year, 
and 21 additional hours throughout the course of the school year. The WITS Coach was a sports 
management or physical education graduate that received that received 15 hours of WITS 
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training prior to the start of the school year, and 30 additional hours throughout the course of the 
school year. 
 
3.4.1 WITS Cook for Kids 
Overall, the goal of the WITS Cook for Kids program was to increase fruit and vegetable 
consumption, decrease processed foods consumed, and improve the perception of school lunch. 
There were six major components that could be considered as the core of the WITS Cook for 
Kids program: 
i. Placement of WITS Chef in the school 
ii. Switching to the Alternative Menu (this component was named WITS Café) 
iii. Salad bar with at least six vegetable items  
iv. Unsweetened white milk as the only milk option 
v. Conducting cooking classes (this component was named WITS Labs) 
vi. Conducting nutrition education sessions (this component was named WITS Bits) 
The key component of the Cook for Kids programming was to place the WITS Chef in 
the school to work every school day in the first year. WITS Chefs were tasked to train and assist 
the kitchen staff in preparing the scratch-cooked meals from the Alternative Menu, as well as the 
fresh salad bar items. The WITS Chef hours in the school would be reduced to two days a week 
in the second year of the intervention. The WITS Chef would also spend time in the school 
cafeteria promoting school lunch or the salad bar, and encouraging students to try and eat more 
of the various components of school lunch. 
Another key component of the Cook for Kids programming was WITS Café, which 
replaced the school lunch menu from the NYCDOE SchoolFood Regular Menu (Appendix 3.3) 
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with the Alternative Menu (Appendix 3.4). The meals on the Alternative Menu were more 
scratch-cooked, which meant they were made more with whole food ingredients and less with 
highly-processed ingredients. Like the Regular Menu, the Alternative Menu meets National 
School Lunch Program nutrition standards.  
WITS also introduced a salad bar with at least six individual vegetable items, if a school 
did not already have an existing salad bar. Part of the Cook for Kids programming was also to 
work with the schools to serve only unsweetened white milk, and eliminate serving chocolate 
milk as a milk option for school meals.  
The WITS Chef conducted four one-hour cooking lab sessions, called WITS Labs, in the 
first year of WITS programming. In WITS Labs, WITS Chef got students involved in cooking a 
dish following a recipe and taste-testing it. Each session of WITS Labs focused on a particular 
ingredient, such as beans, or kale, and the dish cooked would be similar to one that would appear 
on the alternative menu. The WITS Chefs also conducted short 20-minute nutrition education 
sessions, called WITS Bits, which included sessions like “eat the rainbow”, “trying salad bar”, 
etc. The order and frequency of WITS Bits was not fixed.  
At Time 0 study period, WITS intervention schools were assessed after having switched 
to the Alternative Menu, and had a WITS Chef placed in the schools, but not before 
implementation of any WITS Labs and WITS Bits. At Time 1 study period, WITS intervention 
schools were assessed at the later part of the school year, and so had sufficient time to have 
conducted WITS Labs and WITS Bits sessions, and also to implement a functional salad bar and 
to eliminate serving chocolate milk as a milk option for school meals, if they did not already do 
so by Time 0.  
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3.4.2 WITS Coach for Kids 
The WITS Coach attached to the school worked primarily in the school recess yard every 
day during recess. WITS provided different equipment, such as Hula-hoops, skip ropes, balls, 
baseball, etc., and the WITS Coaches were trained with a repertoire of different games and 
activities to get the students more physically active during outdoor and indoor recess. Another 
aim of the Coach for Kids programming was to improve social behaviors and interactions by 
teaching and reinforcing positive behaviors and interactions through play, and to discourage 
fighting and bullying.  
At Time 0 study period, WITS intervention schools were assessed after having a WITS 
Coach placed in the schools.  
 
3.4.3 Control Schools 
Control schools did not receive any WITS programming. They were instead given $1000 
in funds for their participation, which they were requested to use for any non-food-, fitness-, or 
health-related programming for students, such as chess club. There was no time frame for when 
the control schools had to use these funds by.  
 
3.5. Data Collection (Measures relevant to the current investigation) 
 
3.5.1 Measures: Amount of school lunch fruit, vegetable and salad on tray and consumed 
Students participating in school lunch received a standard school meal comprised of food 
items from five of the USDA food groups with fixed portion sizes (USDA, 2012a). The students 
could select up to a maximum of five food group items, and had to select at least three of the five 
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food groups, with at least one from the fruit or vegetable food groups to be considered a 
reimbursable meal (USDA, 2012a). Elementary schools are not regulated in whether they have to 
give students the choice to select which food items they want on their trays or whether staff can 
just pre-plate lunch trays (offer vs. serve) (USDA, 2015). Some schools had a salad bar, and 
salad did not count towards the school lunch fruit or vegetable food groups. Students could self-
serve salad and take the salad bar items that they wanted in the amount that they wanted.  
This current investigation focused on the assessment of the receptivity of school lunch 
items of the various food groups through amount of food items from a food group consumed, and 
not in estimating intake of total calories. This study assessed the amount of fruit and vegetable 
items consumed from the standardized school lunch menu, as well as the amount of salad from 
the salad bar taken and consumed. The larger main evaluation study also assessed food items 
from food groups of grain, protein (meat or meat alternatives), water from water jet dispenser, 
and outside non-school food items. Food items from the fruit and vegetable food groups had to 
be served as half-cup portions according to guidelines. The standard amount served per serving 
of fruit and vegetable items was assumed to be 0.5 cups, and no additional verification process 
was taken within this study.  
Since students could self-serve varying amounts of salad, the total cups of salad taken 
within students that took salad was assessed (Cups Taken); the total cups of fruit and vegetable 
selected or plated on each student’s lunch tray was not assessed since a standard 0.5 cups was 
assumed to be served. Consumption data was presented two ways, within students that selected 
that food item or had that food item on the tray [Cups Eaten (When On Tray)], or across all 
students observed, regardless of whether they had that food item on the tray or not [Cups Eaten 
(All Students)].  
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School lunch food on tray and consumption of students was assessed by observation 
using System of Observational Cafeteria Assessment of Foods Eaten (SOCAFE). Presence of 
fruit and vegetable items on tray were recorded as “No” or “Yes” or “2nd serving”, recorded with 
SOCAFE. Consumption of fruit and vegetable items were recorded as a percentage of a standard 
serving with SOCAFE. The amount of fruit or vegetable consumed was converted to cups of 
fruit or vegetable eaten by multiplying the observed percentage by the assumed standard 0.5 cups 
served.  
Salad from the salad bar is not part of the reimbursable school lunch and thus assessed 
separately from fruit and vegetable options that were served as part of the reimbursable school 
lunch. Salad was not served as a standard portion of salad since students could self-serve salad 
from the salad bar. The portions of salad on the students’ trays were also assessed with SOCAFE 
in addition to selection and amount consumed. The amount of salad consumed was converted to 
cups of fruit or vegetable eaten by multiplying the observed percentage with the amount of salad 
taken on the tray.  
School lunch food on tray and consumption data was collected over three school days (32 
students per day over 3 days = 96 school lunch observations) for each school within each time 
period. Data was collected on days when the school lunch vegetable served was anything except 
white potatoes. The rationale was that children’s intake of white potatoes in the US was high and 
are usually in the form of fried potatoes and potato chips and is thus commonly separated in 
analysis of total vegetable intake (Adams et al., 2016; Kim et al., 2014). For each school, at least 
two days of school lunch that served vegetables from two different USDA vegetable categories: 
dark green vegetable (garden salad, broccoli, kale, spinach), red/orange (tomato, sweet potato, 
carrots), starchy (corn, plantains), beans (black beans, cold bean salad, chickpeas), and others 
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(cucumber, zucchini, green beans, pickles, onion rings, crispy egg roll) (U.S. Department of 
Health and Human Services and U.S. Department of Agriculture, 2015; USDA, 2012b; USDA, 
2016). Only fresh fruit or canned fruit is served as fruit options for school lunch (Appendix 3.3 
and 3.4); 100% fruit or vegetable juice is not a fruit or vegetable option served as part of school 
lunch in New York City public elementary schools (NYC Department of Education; NYC 
SchoolFood) and was thus not examined.  
 
3.5.1.1 SOCAFE instrument  
SOCAFE is an observation instrument and protocol adapted from other research studies 
(Ball et al., 2007; Baxter & Thompson, 2002; Baxter et al., 2001; Baxter et al., 2002; Baxter et 
al., 2003; Paxton et al., 2011). The SOCAFE protocol deviates from the other research in that up 
to four children, instead of two or three children were observed. The instrument was tested in a 
pilot study that showed that the protocol was feasible and could achieve equally high Inter-Rater 
Reliability (IRR). SOCAFE uses the modification of the quarter-waste method that noted down 
consumption into 5 categories of 0%, 25%, 50%, 75%, and 100%, with additions of a sixth 
category of bite/10%, and a seventh category of more than 100% (>100%).  
To allow for faster notation with minimal writing during observation, the SOCAFE 
protocol uses a system of prefilling food items from school lunch on the SOCAFE Recording 
Sheet (Appendix 3.5), and checking off boxes of items on tray and the corresponding percentage 
of a serving consumed. The SOCAFE Recording Sheet was specifically tailored to the data 
needed for the larger main evaluation study to collect data on what meal components students 
have on their tray: grain, protein, fruit, vegetable, milk, salad from salad bar, and water from the 
water jet. The SOCAFE Recording Sheet also records how much of a standard serving of each 
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item a student consumed, with headings of the amount consumed reflecting the modified quarter-
waste method: 0, .1, .25, .50, .75, 1, >1. Due to limited vision into the opaque milk carton during 
passive observation, consumption is recorded as 0, some (opened), 1, and >1 (if consumed more 
than one container worth of milk). Water is record as whether a student took or did not take 
water from the water jet. Type and amounts eaten of non-school food items (referred to as home 
food), as well as any notes on food that gets shared or traded among students, are written down 
in the open-ended sections at the bottom of each section of the SOCAFE Recording Sheet.  
Due to variability in amount of salad that students can self-serve, the portion size of salad 
amounts that was selected by the students are recorded as small, medium, or large, as indicted as 
S, M and L on the SOCAFE Recording Sheet (Appendix 3.3). Salad that was 0.25 cups or less 
was considered small, salad that was about 0.5 cups (more than 0.25 cups and less than 0.75 
cups) was considered medium, and salad that was 0.75 cups or more was considered large. The 
SOCAFE Salad Size Guide provided examples of common salad bar items in these differing 
portion sizes (Appendix 3.6).  
 
3.5.1.2 SOCAFE procedures 
Prior to the lunch observations each day, the lead data collector went to the school 
kitchen and found out from the lunchroom staff the various food and salad bar items being 
prepared and served on that day. The lead data collector also found out any alternative options 
for the different categories of food that day, e.g. alternative entrée sandwiches (cheese or peanut 
butter and jelly sandwich) or leftovers from the previous day. The lead data collector then 
completed the SOCAFE FOODS (Food Options Of the Day Served) Recording Sheet (Appendix 
3.7) describing all food items in detail. Items being served that day were checked off as being on 
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the SchoolFood menu or not. Deviations of the menu items served did not stop data collection 
from proceeding, and changes would just be noted down. Only when there was any introduction 
of white potato served would result in exclusion of data from data analysis. Upon completion of 
SOCAFE FOODS, the lead data collector then went through all the food items being served that 
day with the rest of the data collectors. All the food item options were then prefilled into the 
“Item” columns in the SOCAFE Recording Sheet for quick reference.  
The SOCAFE protocol allowed for simultaneous observation of up to 4 children per 
research staff. Prior to lunch, the lead data collector also worked with school staff to determine 
the table(s) where the 2nd or 3rd grade students sat at. The lead data collector assigned each data 
collector to a table prior to students returning from the lunch line or unpacking food from home. 
For each different day of data collection within each school, the section of the assigned table to 
be observed was pre-designated (right end, left end or middle section).  
The usual data collection format was for a team of four data collectors to conduct 
observations of 16 2nd and 16 3rd grade students over two different lunch periods during each day 
of school lunch food intake data. The study did not track individual students with names or ID 
tags, thus there was a possibility of repeated sampling of the same students. However, based on 
experience with the pilot study, students were found to sit according to their classes at the same 
tables, and tended to sit at the same spots with the same group of friends. Different tables and 
different sections of the tables were thus sampled to ensure that the protocol did not bias any 
sampling location and had safeguards to observe a range of different students over the three days. 
As soon as one 2nd or 3rd grade students returned from the lunch line and got seated in the 
assigned section of the assigned table, data collectors started observation, and continued with 
newly seated students until four students (all sitting within reasonable close proximity to each 
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other) were selected for observation. Students were observed from the moment they sat down 
until they had disposed of/packed up their food and left the cafeteria. Only students seated in the 
assigned section of the assigned table that took school lunch were selected for food intake 
observation. Data collectors skipped over students that were not eating any school lunch and/or 
were only eating non-school food items (home food), and continued with adjacent seated 
students with school lunch until four students (all sitting within reasonable close proximity to 
each other) were selected for observation. In the unusually rare event that the assigned section of 
the table was not populated with at least 4 students after all students had been seated, the data 
collector either selected students that sat in adjacent sections, or the lead data collector was 
informed and a reassignment to a different section or table proceeded as soon as possible. 
Data collectors were trained to be minimally intrusive and as inconspicuous as possible. 
In the rare event that a curious or friendly student approached data collectors, data collectors 
replied with standard responses designed to limit any further interactions. More detailed 
procedures of how data collectors should execute the SOCAFE protocol are outlined in the staff 
manual (Appendix 3.8). There are no incidents of distress reported due to our data collection to 
be reported.  
Following data collection in the schools, data collection entered all data on the form into 
the project database via Google Forms. The data collectors were advised to enter their data 
within 48 hours of completing observation to ensure that data was entered and any details not 
forgotten. The SOCAFE Recording Sheets were then submitted after data entry within the week. 
For each student observed, one full Google Form data entry was required.  
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3.5.1.3 SOCAFE Inter-Rater Reliability 
Inter-Rater Reliability (IRR) was conducted during the pilot study, data collector training, 
and during both Time 0 and Time 1 data collection time periods. IRR was conducted with pairs 
of data collectors observing the same 4 students, and their data compared post observation to 
determine percentage match scores using the SOCAFE IRR Form (Appendix 3.9). More detailed 
procedures of how to perform IRR calculation are outlined in the staff manual (Appendix 3.8).  
There were five sections (sections A-E) to be scored on for each student observed. For 
section A on gender and position of table, there was a maximum of two data responses, and so 
the percentage of agreement was calculated with the number of matched data responses divided 
by two.  
For section B on school food items on tray, there was no set maximum number of items a 
subject could have on tray. Therefore, the sum of total unique items between the two data 
collectors should be used as the denominator when calculating the percentage of agreement. 
Second servings were counted as an additional unique item to be matched on (i.e. If Observer 1 
noted 2 servings of Fruit 1 taken, and Observer 2 noted only 1 serving of Fruit 1 taken, the match 
would be 1 out of 2). The exception to this rule was water taken from water jet.  
For section C on school food items amounts eaten, the protocol was adapted from 
methods outlined in Baglio et al. (2004) and personal consultation with Dr. Domel Baxter and 
her team (Baglio et al., 2004). Since the responses of food item amounts eaten in section C were 
linked to school food items on tray in section B, the sum of total unique items between the two 
data collectors should again be used as the denominator when calculating the percentage of 
agreement. There is only one data response counted for each food item, even if there were two or 
more servings taken. Unlike for section B, the amount eaten for the second serving was not 
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counted an additional unique item to be matched on, since there is a “>100%” portion eaten 
category to be checked off (i.e. there was only one value of amount eaten for Fruit 1, even if two 
or more servings were taken). The portion of water drank was not asked to be recorded under the 
SOCAFE protocol, and so is not a unique item to be matched on in Section C.  
For section C, two calculations were made: adjacent match and exact match. For adjacent 
match, responses of adjacent categories of portion eaten were considered a match agreement (i.e. 
If Observer 1 noted 0% eaten, and Observer 2 noted 10% eaten, it was still considered a match). 
This calculation was based on the protocol adapted from methods outlined in Baglio et al. (2004) 
and personal consultation with Dr. Domel Baxter and her team (Baglio et al., 2004). For exact 
match, responses of portion eaten had to be exactly the same to be considered a match 
agreement. The exact match allowed for stricter assessment of the IRR for school lunch food 
consumption data collected using SOCAFE. If there were any discrepancies in section B (i.e. If 
Observer 1 noted a food item as taken, and Observer 2 did not note a food item as being taken, 
and so did not record any amount eaten), the corresponding data response for this section should 
automatically be considered as not in agreement (even if the amount eaten identified by Observer 
1 was 0%). 
For section D on milk type and salad size, there was also a possible maximum of 2 data 
responses. The data response to be matched on was dependent on whether a student took milk 
and/or salad. If none of those items were taken, section D would not be applicable. If one of 
either milk or salad was taken, then there can only be a maximum of 1 data response, as the other 
response was not applicable.  
For section E on home food items brought, there was again no set maximum number of 
items a subject could have. Therefore, the sum of total unique non-school food items between the 
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two data collectors should again be used as the denominator when calculating the percentage of 
agreement. Note that even if a student was not the actual person that brought that non-school 
food item from home, if they ate an item not from school lunch that was food brought from home 
by another student that was shared with them, that would still be counted as a unique item to be 
matched on. 
After completion of two six-hour days of training, data collectors on the third day of 
training completed three observation sessions with a fellow data collector to determine their IRR 
percentage match scores. All data collectors had percentage match scores for food items taken 
and percentage adjacent match scores for food items amounts eaten higher than 90%, but would 
have received additional training should it have been lower than 90%.  
Over the duration of data collection for Time 0 study period, Dr. Randi Wolf, co-
Principal Investigator of the larger main WITS evaluation study, paired off with each of the data 
collectors to observe the same 4 students to determine the IRR. Over the duration of data 
collection for Year 1 study period, data collectors paired off with each other twice to observe the 
same 4 students to determine the IRR. 
For the IRR assessment on the third day of training for Time 0 study period, 10 data 
collectors paired off with each other over three lunch periods, for 15 unique IRR assessment 
sessions. The mean IRR percentage match for subject gender and position on table, school food 
items on tray, milk type and salad size, and home food items brought, were 92.5% and above 
(Table 3.1). For school food items amounts eaten, adjacent match was 94.5%, and exact match 
was 83.2%. For the IRR assessment through the duration of data collection for Time 0, nine of 
the data collectors each paired with the tenth data collector, Dr. Randi Wolf (co-Principal 
Investigator of the larger main WITS evaluation study), once, for nine unique IRR assessment 
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sessions. The mean IRR percentage match for subject gender and position on table, school food 
items on tray, milk type and salad size, and home food items brought, were 94.4% and above. 
For school food items amounts eaten, adjacent match was 97.8%, and exact match was 90.4%.  
For the IRR assessment on the third day of training for Year 1 study period, 12 data 
collectors paired off with each other over three lunch periods, for 18 unique IRR assessment 
sessions. The mean IRR percentage match for subject gender and position on table, school food 
items on tray, and milk type and salad size, were 97.1% and above. For home food items 
brought, the percentage match was at 79.2%. For school food items amounts eaten, adjacent 
match was 92.0%, and exact match was 78.2%. For the IRR assessment through the duration of 
data collection for Year 1, the 12 data collectors paired off with each for 11 unique IRR 
assessment sessions. Each data collector conducted two IRR assessments for Year 1, except for 
two data collectors that did not collect data in the later half of the Year 1 study period. The mean 
IRR percentage match for subject gender and position on table, school food items taken, and 
milk type and salad size, were 98.5% and above. For home food items brought, the on tray match 
was at 70.4%. For school food items amounts eaten, adjacent match was 96.5%, and exact match 
was 83.1%. 
 
Table 3.1. Inter-Rater Reliability of SOCAFE Instrument at the end of training and through data 
collection during the Time 0 and Time 1 study periods.  
IRR Sections 











A. Subject gender & position on table 100.0% 94.4% 100.0% 100.0% 
B. School food items on tray 95.4% 99.0% 97.1% 98.5% 
C. School food items amounts eaten     
Adjacent Match 94.5% 97.8% 92.0% 96.5% 
Exact Match 83.2% 90.4% 78.2% 83.1% 
D. Milk type & salad size 92.5% 96.9% 100.0% 100.0% 
E. Home food items brought 94.6% 96.4% 79.2% 70.4% 
n  = number of unique IRR assessment sessions. 
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3.5.1.4 SOCAFE instrument pilot testing 
In the early phases of the SOCAFE instrument design, the team contemplated conducting 
food intake observation on six students at a time, to maximize amount of data collected per data 
collector, and thus reduce staff time. In May 2015, we first tested the accuracy of using SOCAFE 
for food intake observation on six students in a school used for pilot testing, P1. One Tisch Food 
Center staff observed six students at a time, while three other staff observed different pairs 
within those six students. Two of such sessions were conducted with 2nd and 3rd grade students. 
The inter-rater reliability (IRR) was calculated, yielding 88.7% match for food items on tray, and 
88.6% adjacent match for food items amounts eaten. With less than acceptable IRR match 
percentages, we decided that conducting food intake observation on six students was too 
ambitious and that conducting food intake observations on four students was more realistic.  
We proceeded to test the IRR for food intake observations at school lunch in three 
schools used for pilot testing: P1, P2, P3. Seven Tisch Food Center staff paired up to observe 
four students at a time. Ten sessions were conducted over four days with 2nd and 3rd grade 
students. The IRR was calculated, yielding 99.0% match for items taken, and 94.4% adjacent 
match for food items amounts eaten. With high IRR match percentages, we finalized with using 
SOCAFE to conduct food intake observations on four students at a given time.   
 
3.5.1.5 SOCAFE training 
In Fall 2015, we recruited eight current and former Teachers College students to start 
with training on food intake observation using the SOCAFE. Training totaled 17 hours and was 
completed over three days (Appendix 3.10). The first day of training was held in Teachers 
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College. After introductions and icebreakers, we reviewed the overall WITS study design, 
rationale for using food intake observation, and the overview of the SOCAFE protocol. Data 
collector trainees then watched a training video explaining the various sections of the SOCAFE 
Recording Sheet and how to fill them in. The training videos included footage of four to six 
Tisch Food Center staff eating meals to mimic an actual school lunch scenario. In these mock 
lunch videos, Tisch Food Center staff ate meals that included common school lunch items from 
each of the food groups. They were each given unique instructions to eat pre-assigned amounts 
of the various food items, and to perform certain actions such as trading or sharing foods with 
each other, or playing with their food.  
After the training video, data collector trainees reviewed digital photographs of pre-meal 
and post-meal school lunch trays as an activity to estimate the amount of food eaten based on 
what was left on the tray. The activity also gave data collector trainees a chance to get 
familiarized with foods on standard school lunch trays and their portion sizes. The data collector 
trainees then covered the full flow of steps in the SOCAFE protocol from start to end, and were 
shown examples of school cafeteria layouts. Data collector trainees then practiced food intake 
observations using SOCAFE with two more mock lunch training videos.  
After a debrief for the training videos, data collector trainees participated in a live 
practice session observing each other eat lunch like in the mock lunch training videos. The eight 
data collector trainees and four Tisch Food Center staff split into two groups of six. The first 
group ate lunch first, and was similarly given unique instructions beforehand to eat pre-assigned 
amounts of the various food items, and to perform certain actions such as trading or sharing 
foods with each other, or playing with their food. While the first group ate lunch, the data 
collector trainees in the second group practiced food intake observations using SOCAFE. After 
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this first lunch session, the groups switched and the second group ate lunch while the data 
collector trainees in the first group observed. The lunch activity was followed by a debriefing 
session and data collector trainees compared their experience of using mock lunch training 
videos and actual live lunch sessions for learning and practicing food intake observations using 
SOCAFE. The data collector trainees then completed more practice with two more mock lunch 
training videos.  
The second day of training was held first in a school used for training, P4, with ongoing 
alternative menu, to conduct in-school field practice of food intake observation using SOCAFE. 
Data collector trainees practiced the full protocol, from start to end (pre-filling of food items, 
assignment of sections of tables with 2nd or 3rd grade students, recording food intake, etc.), to be 
familiar with the flow of steps. The data collector trainees and Tisch Food Center staff paired up 
for the four lunch sessions. In the first field practice lunch, each pair started with observing only 
2 students at a time. For the second to fourth lunch sessions that followed, each pair increased to 
observing the full 4 students. There were short moments in between each lunch session to allow 
data collector trainees to compare their observation notes, rest, troubleshoot, and regroup. Data 
collector trainees had a short debrief after the field practice lunch sessions, before having lunch 
and heading back to Teachers College.  
Back at Teachers College, the data collector trainees discussed what went well and what 
did not, and any tips to use or areas to improve on during data collection. The data collector 
trainees then learned about IRR and how to calculate the various components of IRR to compare 
each pair’s observations from the field practice sessions. The data collector trainees then learned 
about data entering and practiced entering the data collected from the field practice sessions into 
the Google Forms spreadsheet. The data entered was then reviewed to check for any major 
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discrepancies or errors, and pointed out to data collector trainees to help them learn from any 
mistakes and further clarify the data entry protocol.  
The third day of training was again first held in P4 to conduct inter-rater reliability 
testing. The data collector trainees and Tisch Food Center staff paired up in different pairings for 
each of the four lunch sessions observing food intake of four students. The first lunch session 
was used as a practice session. The second to fourth lunch sessions that followed were then used 
for IRR testing. Data collector trainees had a short debrief after the IRR lunch sessions, before 
having lunch and heading back to Teachers College. Back at Teachers College, the data collector 
trainees calculated the IRR for each of their pairings.  
The same procedures were repeated in Spring 2016, when two additional data collector 
trainees were recruited to keep up with scheduling needs of data collection for Time 1 study 
period. All data collectors from Time 0 study period continued with the study, and joined the two 
new data collector trainees to conduct IRR testing on their third day of training.  
 
3.5.2 Measures: Percentage of students with any school lunch fruit, vegetable and salad on tray 
This study also assessed the percentage of students that that had at least a fruit, vegetable, 
and salad item that was selected or plated on lunch tray (Any On Tray). This study also assessed 
the percentage of students that consumed at least a bite of school lunch fruit, vegetable, and 
salad. Consumption data was presented two ways, within students that selected that food item or 
had that food item on the tray [Any Eaten (When On Tray)], or across all students observed, 
regardless of whether they had that food item on the tray or not [Any Eaten (All Students)]. The 
amount of school lunch fruit, vegetable and salad selected and consumed collected with 
SOCAFE was collapsed into a binary response of yes or no for each student observed. 
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Consumption of 10% (lowest category of consumption in SOCAFE) or more was coded as a yes, 
while only consumption category of 0% was coded as a no. This transformation of the data 
allowed for a count of the percentages of all students observed that selected or consumed any 
fruit, vegetable or salad. 
 
3.5.3 Measures: School lunch environmental factors 
For this study, we were interested in assessing the impact of school lunch environmental 
factors on 2nd and 3rd grade students’ consumption of fruits, vegetables, and salad bar items at 
school lunch. In the larger main evaluation study, school lunch environmental factors were 
assessed with Lunch Process Implementation Evaluation and Contextual Environment of Schools 
(Lunch PIECES). For this study, specific school lunch environmental factors were identified 
based on literature and only relevant items from Lunch PIECES were used for analysis (Table 
3.2). Since there were day-to-day variations on some of these school lunch environmental 
factors, only data collected from days that also overlapped with days whereby there was food 
selection and consumption data collected with SOCAFE was used. There was one day of Lunch 
PIECES collected during the Time 0 period and during the Time 1 period. In the larger main 
evaluation study, there were three more additional days of Lunch PIECES collected through the 
Time 0 and Time 1 periods in the first school year, but that did not overlap with days whereby 




Table 3.2. School lunch environmental factors data extracted from PIECES. 
Categorical (yes/no) Continuous (scale) 
(A) Lunch is after recess 
(B) Fruits are pre-plated on lunch trays  
(C) Two or more fruit options are available 
(D) Fruits are sliced or pre-cut 
(E) Whole fruits are in an attractive serving bowl 
(F) Vegetables are pre-plated on lunch trays  
(G) Two or more vegetable options are available 
(H) Vegetables are positioned as first item in lunch line 
(I) Salad bar is part of lunch line 
(J) Wait time before getting school lunch (min) 
(K) Time duration of school lunch (min) 
(L) Number of salad bar items (total number) 
 
 
3.5.3.1 Lunch PIECES instrument 
Lunch PIECES was specifically developed for the larger main evaluation study 
(Appendix 3.11). Question items were primarily adapted from the USDA Smarter Lunchrooms 
Self-Assessment Scorecard, and also included items from FoodCorps Progress Report, DOE 
Wellness Scorecard, School Health Index, as well as new items that were created to assess 
aspects important for the WITS Program. The data collected provided information on school 
lunch food items (fruit, vegetables, milk, entrée, water jet, and salad bar), the food environment 
(cafeteria), health-related programs (program) and the WITS Cook for Kids program. The 
instrument was designed with items that were easily observed and could be collected within one 
observation day. 
All items were Yes-No items, with a few items including additional qualitative 
descriptive or quantitative count items. Section L1 of Lunch PIECES contained 55 items, which 
made up 11 subscales, with each subscale containing 5 items. The subscales were: Entrée, 
Vegetables, Fruit, Milk, Water, Salad Bar, Salad, Cleanliness, Ambience, Adults, and Process. 
For Section L1, “Yes” responses scored 1 point, while “No” responses scored 0 points. Certain 
items were not applicable, “NA”. Items that had “NA” responses were eliminated from the tally 
of the total mean score calculated for each subscale. The maximum score was 1 point per 
subscale. Each subscale score was then summed up to give a maximum total score of 11. If a 
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subscale had all “NA” responses (e.g. no Water Jet in school), the subscale score was 0 points. 
Section L2 of Lunch PIECES contained 31 un-scored items that did not make up any subscale. 
Items from these sections were for use as descriptive information to be evaluated and possibly 
factored in as covariates for analyses of school lunch food intake data.  
For this study, only responses to specific items from Lunch PIECES were used for 
analyses. The mean subscale scores or total Lunch PIECES score was not used for analyses.  
 
3.5.3.2 Lunch PIECES procedures 
The lead data collectors for SOCAFE school lunch food intake observation, as well as 
trained Tisch Food Center interns, completed Lunch PIECES. Lunch PIECES data collectors 
went through at least 3 hours of training, with at least 1 hour spent reviewing the protocol and 
scoring rubric, and at least 2 hours practicing completing the Lunch PIECES instrument during 
actual school lunch periods. IRR was not conducted.  
Lunch PIECES data collectors would go through and complete the checklist items in the 
instrument during school lunch periods for 2nd and 3rd grade students. Data collectors responded 
to each item in Lunch PIECES based on a standardized scoring rubric (Appendix 3.12). Any 
questions and uncertainties of where the cut-off was that qualified a “Yes” or “No” response 
were noted by Lunch PIECES data collectors, and reviewed later with the scoring rubric, and/or 
with the researcher.  
In the current investigation, 12 question items from Lunch PIECES extracted for use as 
the school lunch environmental factors in this study. Nine were categorical data from the Yes/No 
items and three were qualitative items, or continuous scale data from the qualitative items:  
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(A) Lunch is after recess: This item was marked “Yes” only if students did not go back 
out to the recess yard for recess after the lunch period. 
(B) Fruits are pre-plated on lunch trays: This item was marked “Yes” if for more than 
50% of the time, fruit option was automatically plated onto the lunch trays by staff 
and/or students picked up laid out trays that were already plated with fruits. This 
item was also coded “Yes” if adults went around cafeteria with fruits to hand out 
after students have sat down and started eating.  
(C) Two or more fruit options are available: This item was marked “Yes” if there 
were two or more fruit options offered or served at any point as part of school lunch 
during the lunch period. This item did not include salad bar item options that were 
fruits. 
(D) Fruits are sliced or pre-cut: This item was marked “Yes” if fruit was sliced or pre-
cut to easy-to-eat bite-size pieces for the following applicable fruit options: Apple 
(“Yes” for apple slices, “No” for whole apples), Orange (“Yes” for orange slices or 
scored oranges, “No” for whole unscored oranges), Pear (“Yes” for pear slices or 
chopped pear chunks, “No” for whole pears), Pineapple (“Yes” for chopped 
pineapple chunks, “No” for pineapple wedges), Peach (or any stone fruit) (“Yes” for 
peach slices or chopped peach chunks, “No” for whole peaches), or any type of 
melon (example cantaloupe, honeydew, and watermelon) (“Yes” for chopped melon 
chunks, “No” for melon wedges). This item was marked as “NA” for the following 
fruits that would not be served sliced: Banana, Grapes, and Berries. 
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(E) Whole fruits are in an attractive serving bowl: This item was marked “Yes” if 
more than 50% of whole fruits were in attractive bowls or baskets. This item was 
marked “NA” if the fruit options served was not whole fruit. 
(F) Vegetables are pre-plated on lunch trays: This item was marked “Yes” if for more 
than 50% of the time, automatically plated onto the lunch trays by staff and/or 
students picked up laid out trays that were already plated with vegetables.   
(G) Two or more vegetable options are available: This item was marked “Yes” if 
there were two or more vegetable options offered or served at any point as part of 
school lunch during the lunch period. This item did not include salad bar item 
options that were vegetables.  
(H) Vegetables are positioned as first item in lunch line: This item was marked “Yes” 
if the serving tray(s) for vegetables was placed closer to the start of the lunch line 
than the serving trays for entrée options.  
(I) Salad bar is part of lunch line: This item was coded from the qualitative response 
to the question, “Where is salad bar located?” Responses “end of lunch line” and 
“part of lunch line” were coded as “Yes”. Responses “start of lunch line”, “front of 
cafeteria”, “side of cafeteria”, “corner of cafeteria”, “hidden away”, “center of 
cafeteria”, “outside of kitchen area”, or “across from kitchen” were all coded as 
“No”.  
(J) Wait time before getting school lunch (min): The time students have to wait to get 
school lunch was calculated by subtracting the recorded time the first student enters 
cafeteria [A] from the recorded time the first student in the lunch line gets his/her 
food [B]. (Wait Time = [B] – [A]).  
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(K) Time duration of school lunch (min): The shortest amount of time in minutes that 
students have for lunch was used as the time duration of school lunch. This item was 
calculated by subtracting the recorded time the last student leaves lunch line [C] 
from the recorded time the last student discards his/her tray [D]. (Lunch Duration = 
[D] – [C]). 
(L) Number of salad bar items (total number): The item was from the qualitative 
response to the question, “How many components (of salad)?”  
 
3.5.4 Measures: Demographic information 
 Demographic information of individual students observed and of each of the schools was 
assessed. Student-level demographics include the grade and gender of each student that was 
observed in the cafeteria for school lunch food on tray and consumption. School-level 
demographics include the total enrolment of the school (school size), percentage of students that 
are Black (% Black), percentage of students that are Hispanic (% Hispanic), and percentage of 
students eligible for free and reduced price lunch (% FRPL).  
 
3.5.4.1 Student-level demographics: grade and gender 
The grade and gender of each student that was observed was recorded as part of the 
SOCAFE protocol. Grade of students at the table were recorded at the top of the SOCAFE 
Recording Sheet either as 2nd grade, or 3rd grade. Gender of each student being observed was 
marked either as G for girl, or B for boy.    
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3.5.4.2 School-level demographics: school size, % Black, % Hispanic, & % FRPL 
 School-level demographics of school size, % Black, % Hispanic, and % FRPL were 
obtained from data provided by NYCDOE. Data provided by NYCDOE was from the 2014-2015 
school year.  
 
3.5.5 Measures: WITS Fidelity 
 Although not a primary outcome measure, reviewing the implementation of components 
of the WITS programming provides additional insight for the interpretation of results. WITS 
Chefs were evaluated on whether they were working on food preparation in the school kitchen, 
or if they were present in the school cafeteria during lunch and interacting with students. 
Interactions with students included: introducing and/or promoting food items on the school lunch 
menu, encouraging eating of school lunch, conducting tastings, and/or mending the salad bar. 
WITS schools were also evaluated on whether white milk was the only milk option, and whether 
the salad bar served 6 salad items or more. These two components were also evaluated in Control 
schools since they were not exclusive to WITS schools. These four components of the WITS 
programming were assessed once each during Time 0 and Time 1 study time periods, using the 
question items in the WITS Fidelity section of PIECES (Appendix 3.8).  
 The number of WITS Labs and WITS Bits sessions that were conducted through the 
school year in each of the WITS schools was also assessed. Information was provided by WITS 
that collated the data internally from the WITS Chefs, after the end of the 2015-2016 school 
year. No additional observations and process evaluation of the WITS Labs and WITS Bits 
sessions were conducted in the current investigation.  
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Control schools were given $1000 in funds for their participation, which they were 
requested to use for any non-food-, fitness-, or health-related programming for students, such as 
chess club. Assessment of the compliance in following this agreement was conducted at the end 
of the 2015-2016 school year. The principal or key contact person within school administration 
of each control school provided this information as part of assessment using the Policy PIECES 
from the larger main evaluation study.  
 
3.5.6 Measures: Fruit and vegetable options 
Fruit and vegetable options that were served each day as part of the school lunch were not 
a primary outcome measure, but could be reviewed to provide insight on how the school lunch 
menu options differ between WITS intervention schools and Control schools. For each 
observation session using SOCAFE in the main study, all the school lunch menu item options for 
each unique lunch period in each school’s cafeteria was recorded by the lead data collector with 
SOCAFE FOODS. The lead data collector entered data from each SOCAFE FOODS form into a 
Google Form. Fruit and vegetable options for each unique observed lunch period for each 
school’s cafeteria were extracted for this current investigation. The frequency and percentage out 
of all unique lunch period observation sessions with each unique fruit or vegetable option was 
tallied for WITS intervention schools and Control schools, for Time 0 and Time 1 study periods.  
 
3.6. Power Calculation 
 
 Power calculations were done to determine the number of students that should be 
sampled in each school. 
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calculations because it was the outcome of most interest. A prior study was conducted by the 
Tisch Food Center assessing the impact of a gardening nutrition intervention program. 
Consumption of vegetable and salad combined for across all sampled 2nd and 3rd grade students 
before and after the first year of the intervention was calculated from data of this prior study 
(Table 3.3). The effect size was calculated for this prior study, and yielded a Cohen’s d value of 
0.191 (effect size f = 0.0955).  
 
Table 3.3. Mean consumption of vegetable and salad across all sampled 2nd and 3rd grade 
students before and after the first year of intervention from a prior study assessing impact of a 
gardening nutrition intervention program. 
Before Intervention After Intervention Effect Size 
(Cohen’s d) n Mean Cups (SD) n Mean Cups (SD) 
64 0.027 (0.08) 68 0.048 (0.12) 0.191 
 
Power calculations were run using Optimal Design. Assuming that this current 
investigation would yield a similar effect size, and using power=0.8 at α=0.05 to detect a 
difference between the two groups of WITS vs. Control schools, a sample size of at least 90 
students assessed per school for the 14 schools was needed. The study design of this current 
investigation utilized four data collectors each collecting consumption data from eight 2nd and 3rd 
grade students over three school days for each school (total 32 students per day over 3 days = 96 
students observed) at Time 0 and Time 1 study time periods. The sample size for this current 




3.7. Data Analysis 
 
At least 10% of all entered data was checked and any data entry errors corrected. Data of 
one student observation from each data collector was checked for each day of data collection for 
each school. The observation case was selected in such a way as to also cover all 4 quadrants of 
the SOCAFE Recording Sheet (e.g. student observation case recorded in top left quadrant for IA, 
top right quadrant for RT, bottom left quadrant for RW, and bottom right quadrant for PK).  
Data from each possible item from each food group category was processed and summed 
within each food group category to generate the following outcomes: 
(A) Cups Taken: the total cups of salad that was taken within only students that took 
salad (not applicable for fruit and vegetable). 
(B) Cups Eaten (When on Tray): the total cups of items from a food group that was 
consumed, within students that selected that food item or had that food item on the 
tray.  
(C) Cups Eaten (All Students): the total cups of items from a food group that was 
consumed, across all students observed, regardless of whether they had that food item 
on the tray or not.  
(D) Any On Tray: the percentage of students that had at least an item from a food group 
that was selected/plated on lunch tray. 
(E) Any Eaten (When on Tray): the percentage of students that ate at least a bite of any 
item from a food group, within students that selected that food item or had that food 
item on the tray.  
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(F) Any Eaten (All Students): the percentage of students that ate at least a bite of any 
item from a food group, across all students observed, regardless of whether they had 
that food item on the tray or not.  
 
Means (B) to (C) were calculated by multiplying the percentage of a standard serving 
eaten, by the number of cups. For fruit and vegetable items, 0.5 cups was assumed to be the 
standard amount served per serving of item from that food group. The amount of fruit or 
vegetable consumed was converted to cups of fruit or vegetable eaten by multiplying the 
observed percentage of a standard serving eaten by the assumed standard 0.5 cups served. Due to 
variability in amount of salad that students can self-serve, salad amounts were first calculated by 
multiplying salad size observed (small, medium, large), by the corresponding assigned amounts 
in cups indicated as part of standardization in SOCAFE protocol (0.25 cups, 0.5 cups, 0.75 cups). 
The amount of salad consumed was converted to cups of fruit or vegetable eaten by multiplying 
the observed percentage with the amount of salad taken on the tray.  
 
3.7.1 Analysis for Research Question 1  
Hierarchical linear modeling (HLM) was used for analysis for outcomes (A) to (F) at 
Time 0 and Time 1 for fruit, vegetable and salad. HLM takes into account that the outcome data 
was collected from individual students that were nested within schools. The HLM models 
included two levels, with individual level variables included in the first-level, and school-level 
variables included in the second-level (Formulas 3.1 and 3.2). Grade (coded as 3rd grade dummy 
variable) and gender (coded as Male dummy variable) were included as first-level dummy 
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variables. Study condition group (coded as WITS dummy variable), school size, % Black, % 
Hispanic, and % FRPL, were included as second-level variables.  
At both Time 0 and Time 1 study periods, the distribution of outcomes (A) to (C) related 
to amounts on tray or consumed (in cups) were not normally distributed with high frequencies of 
0 cups on tray or consumed for many students. The values of these outcomes from both Time 0 
and Time 1 were thus transformed with square rooting (Formula 3.1). All means presented are 
adjusted means that have been squared back if they were square-rooted.  
Formula 3.1. Example of model using Hierarchical Linear Modeling to analyze the amount of 
food consumed, for data from students nested within schools.  
Level-1 Model (individual-level) 
Square Root (Cups of Fruit Eaten) = β0j  + β1j*(3rd Grade)ij + β2j*(Male)ij + rij  
 
Level-2 Model (school-level) 
β0j = γ00 + γ0o*(WITS)j + γ02*(School Size)j + γ03*(% Black)j + γ04*(% Hispanic)j +  
γ05*(% FRPL)j + u0j   
β1j = γ10  
β2j = γ20 
 
Formula 3.2. Example of model using Hierarchical Linear Modeling to analyze the percentage 
of students with any food on tray or eaten, for data from students nested within schools. 
Level-1 Model (individual-level) 
 (Percentage of Students with Any Fruit Eaten) = β0j + β1j*(3rd Grade)ij + β2j*(Male)ij + rij  
 
Level-2 Model (school-level) 
β0j = γ00 + γ01*(WITS)j + γ02*(School Size)j + γ03*(% Black)j + γ04*(% Hispanic)j +  
γ05*(% FRPL)j + u0j   
β1j = γ10  
β2j = γ20 
 
3.7.2 Analysis for Research Question 2 
To assess the impact of school lunch environmental factors on 2nd and 3rd grade students’ 
consumption of fruits, vegetables, and salad bar items at school lunch in WITS intervention 
schools and control schools, the model will only include data of fruit, vegetable and salad 
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consumption collected with SOCAFE on days when school lunch environmental factors were 
also simultaneously assessed with PIECES. Data from both Time 0 and Time 1 study periods 
were used and combined into one dataset, and analyzed within the same model.  
The distribution of the amount of fruit, vegetable and salad consumed were not normally 
distributed, and tended to have high frequencies of zero cups consumed. The values were thus 
square rooted to decrease the zero inflation. 
 The question items from PIECES extracted for use as the school lunch environmental 
factors were either categorical data from the Yes/No items or qualitative items, or continuous 
scale data from the qualitative items (Table 3.2). The qualitative item from PIECES assessing the 
position of salad bar in the school cafeteria was recoded as a Yes/No item of whether the salad 
bar was part of the lunch line or not. Chi-square test was ran for binary categorical data, and t-
test was ran for the continuous scale data, to test for any significant differences between WITS 
and Control schools on these school lunch environmental factors.  
Linear regression models were run using HLM again to account for school-based 
clustering. Six different models were run for the outcome variables of fruit, vegetable or salad 
consumption within those that had the item on their trays, and across all students. All the school 
lunch environmental factors relevant were included in one linear regression model, with the 
Yes/No categorical factors included as dummy variables (Table 3.4 and Formulas 3.3 to 3.5). 
Grade (coded as 3rd grade dummy variable), gender (coded as Male dummy variable), and study 
time period (coded as Time 1 dummy variable) were included as first-level dummy variables. 
Study condition group (coded as WITS dummy variable), school size, % Black, % Hispanic, and 
% FRPL, were included as second-level variables. The models included cross-level interaction of 
study time period (Time 0 or Time 1) and study condition group (WITS or Control). 
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Table 3.4. School lunch environmental factors relevant to fruit, vegetable or salad consumption.  
School Lunch Environmental Factors Fruit Vegetable Salad 
(A) Lunch is after recess ✓ ✓ ✓ 
(B) Fruits are pre-plated on lunch trays  ✓   
(C) Two or more fruit options are available ✓   
(D) Fruits are sliced or pre-cut ✓   
(E) Whole fruits are in an attractive serving bowl ✓   
(F) Vegetables are pre-plated on lunch trays   ✓  
(G) Two or more vegetable options are available  ✓  
(H) Vegetables are positioned as first item in lunch line  ✓  
(I) Salad bar is part of lunch line   ✓ 
(J) Wait time before getting school lunch (min) ✓ ✓ ✓ 
(K) Time duration of school lunch (min)  ✓ ✓ ✓ 
(L) Number of salad bar items (total number)   ✓ 
 
Formula 3.3. Linear regression model analyzing the impact of school lunch environmental 
factors on fruit consumption using Hierarchical Linear Modeling. 
Level-1 Model (individual-level) 
Square Root (Cups of Fruit Eaten) =  
β0j + β1j*(Time 1)ij + β2j*(3rd Grade)ij + β3j*(Male)ij + β4j *(A)ij + β5j *(B)ij +  
β6j*(C)ij + β7j*(D)ij + β8j *(E)ij + β9j*(J)ij +  β10j*(K)ij +  rij  
 
Level-2 Model (school-level) 
β0j = γ00 + γ01*(WITS)j γ02*(School Size)j + γ03*(% Black)j + γ04*(% Hispanic)j +  
γ05*(% FRPL)j + u0j    
β1j = γ10 + γ11*(WITS)j 
β2j = γ20  
β3j = γ30 
β4j = γ40  
β5j = γ50 
β6j = γ60  
β7j = γ70 
β8j = γ80  
β9j = γ90  




Formula 3.4. Linear regression model analyzing the impact of school lunch environmental 
factors on vegetable consumption using Generalized Estimating Equations. 
Level-1 Model (individual-level) 
Square Root (Cups of Vegetables Eaten) =  
β0j + β1j*(Time 1)ij + β2j*(3rd Grade)ij + β3j*(Male)ij + β4j *(A)ij + β5j *(F)ij +  
β6j*(G)ij + β7j*(H)ij + β8j *(J)ij + β9j*(K)ij + rij  
 
Level-2 Model (school-level) 
β0j = γ00 + γ01*(WITS)j γ02*(School Size)j + γ03*(% Black)j + γ04*(% Hispanic)j +  
γ05*(% FRPL)j + u0j    
β1j = γ10 + γ11*(WITS)j 
β2j = γ20  
β3j = γ30 
β4j = γ40  
β5j = γ50 
β6j = γ60  
β7j = γ70 
β8j = γ80  
β9j = γ90  
 
Formula 3.5. Linear regression model analyzing the impact of school lunch environmental 
factors on consumption of salad bar items using Hierarchical Linear Modeling. 
Level-1 Model (individual-level) 
Square Root (Cups of Salad Eaten) =  
β0j + β1j*(Time 1)ij + β2j*(3rd Grade)ij + β3j*(Male)ij + β4j *(A)ij + β5j *(I)ij + β6j*(J)ij +  
β7j*(K)ij + β8j *(L)ij + rij  
 
Level-2 Model (school-level) 
β0j = γ00 + γ01*(WITS)j γ02*(School Size)j + γ03*(% Black)j + γ04*(% Hispanic)j +  
γ05*(% FRPL)j + u0j    
β1j = γ10 + γ11*(WITS)j 
β2j = γ20  
β3j = γ30 
β4j = γ40  
β5j = γ50 
β6j = γ60  
β7j = γ70 








 This section will present the results that address the following two research questions: 
 
Research Question 1: What is the consumption of fruits, vegetables, and salad bar items at 
school lunch for 2nd and 3rd grade students after one year of the WITS programming? Is the 
consumption different between: 
a. WITS intervention schools and control schools? 
b. 2nd grade students and 3rd grade students? 
c. Girls and boys? 
 
Research Question 2: Do the following school lunch environmental factors affect 2nd and 3rd 
grade students’ consumption of fruits, vegetables, and salad bar items at school lunch in WITS 
intervention schools and control schools? 
School lunch environmental factors:  
• Time duration of school lunch 
• Wait time before getting school lunch 
• Order of lunch and recess 
• Pre-plating of fruits or vegetables on lunch trays  
• Two or more fruit or vegetable options  
• Slicing of fruits 
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• Whole fruits in an attractive serving bowl 
• Position of vegetables in lunch line 
• Position of salad bar  
• Number of salad bar items 
 
4.2 Study Flow 
 
In total, 166 schools across the 4 boroughs were sent the official recruitment letters via 
email or fax to the school principal or assigned school administrator. A total of 34 schools 
responded indicating interest and were then screened for eligibility based on inclusion/exclusion 
criteria. The first school from each list that expressed interest and met eligibility was selected as 




Figure 4.1. Recruitment flow diagram.
 
 












W1 121 30 7 6 1 (C1) 
W2 145 31 6 5 1 (C2) 
W3 224 26 6 5 1 (C3) 
W4 224 33 4 3 1 (C4) 
W5 115 24 6 5 1 (C5) 
W6 & W7 22 22 5 3 2 (C6 & C7) 
Total: 851 166 34 27 7 
 
A total of 27 schools were subsequently excluded for the following reasons: four schools 
had already previously received, or were currently receiving the WITS programming; fours 
schools had an ongoing health intervention program similar to WITS programming; one school 
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Chapter 4: Results 
 
4.1 Study Flow 
 
In total, 166 schools across the 4 boroughs were sent the official recruitment letters via 
email or fax to the school principal or assigned school administrator. A total of 34 schools 
responded indicating interest and were then screened for eligibility based on inclusion/exclusion 
criteria. The first school from each list that expressed interest and met eligibility was selected as 
the matched control school for the corresponding WITS school (Figure 4.1, Table 4.1).  
 









Responded to the emails and assessed for eligibility  
(n = 34 potential control schools) 
14 schools, 2664 2nd and 3rd grade students based on school rosters 
• 7 WITS intervention schools 




Sent official recruitment letters to schools 
(n = 166 schools in 4 boroughs) 
Potential control schools with matched criteria 
(n = 851 schools in 4 boroughs) 
NYC WITS Schools  
(n = 7 schools in 4 boroughs) 
School Sample Recruitment  
 
Excluded (n = 27) 
• Already Have/Had WITS (4) 
• Similar WITS programming (4) 
• Do not serve SchoolFood menu (1) 
• Non-Cook school (1) 
• Less than 50% qualify for free or 
reduced priced lunch (2) 
• Inaccessible by public transportation (1) 
• Second choice match (1) 
• School did not follow-up (13) 
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did not serve the NYC SchoolFood menu; one school did not have any active school cooks 
preparing meals in the school kitchen; two schools had less than 50% of students that qualify for 
free or reduced priced lunch; one school was inaccessible by public transportation; one school 
was a match for school that had another matching school that responded at the same time and so 
was a second choice match; thirteen schools did not respond to our follow-up in time.   
 
4.3 Characteristics of Sample 
 
The final selected control schools were well matched on: percentage of students who 
qualified for free or reduced price lunch (% FRPL), percentage of students that are Black (% 
Black), percentage of students that are Hispanic (% Hispanic), English language (ELA) mean 
scale score, Math mean scale score, 2nd grade enrollment, and 3rd grade enrollment. The 
following table summarizes the above information for the 7 WITS intervention schools and the 7 
corresponding matched control schools (Table 4.2).  
 
Table 4.2. Comparisons of WITS and Control schools on matching criteria.  
 


























W1 088 98 50 46 289 285 071 066 5/Manhattan 
C1 093 100 03 96 283 292 093 093 6/Manhattan 
Pair 2 
W2 093 100 50 49 265 283 109 123 9/Bronx 
C2 096 99 57 40 286 284 168 165 11/Bronx 
Pair 3 
W3 082 97 82 10 302 310 028 036 13/Brooklyn 
C3 086 100 67 25 289 292 037 046 16/Brooklyn 
Pair 4 
W4 100 99 16 76 296 302 147 141 19/Brooklyn 
C4 100 91 01 56 296 307 192 189 15/Brooklyn 
Pair 5 
W5 089 99 57 17 288 292 096 100 28/Queens 
C5 096 99 14 54 278 284 143 138 28/Queens 
Pair 6 
W6 096 97 22 73 NA NA 088 087 9/Bronx 
C6 100 99 65 32 NA NA 050 043 19/Brooklyn 
Pair 7 
W7 098 99 09 88 NA NA 055 075 9/Bronx 
C7 100 99 76 21 NA NA 044 041 23/Brooklyn 
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4.4 Time 0 and Time 1 Comparisons between WITS and Control Schools 
 
4.4.1 Time 0 fruit on tray and consumption between WITS and Control Schools 
At Time 0, there were no significant differences between the WITS intervention schools 
and the Control schools, in the mean amount of fruits eaten, either when fruit was on the tray, or 
across all students observed (Table 4.3). There were also no significant differences between the 
WITS intervention schools and the Control schools, in the mean percentage of students that had 
any fruit on tray, and the mean percentage of students that ate any fruit, either when fruit was on 
the tray, or across all students observed (Table 4.4). 
 
Table 4.3. Adjusted mean amount of fruit consumed for WITS and Control schools at Time 0 
and Time 1.  
Food Group 
Time 0 Amount^ Time 1 Amount^ 
Control WITS Control WITS 
n Cups n Cups n Cups n Cups 
Fruit Cups Eaten (when on tray)
# 538 0.111 504 0.156 603 0.162 547 0.154 
Cups Eaten (all students)+ 700 0.059 676 0.084 725 0.108 666 0.096 
^ Means are adjusted for individual-level demographics of grade, and gender, and school-level demographics of school size, % Black, % 
Hispanic, and % FRPL  
n  = number of students 
# Means are calculated only within students that had fruit selected/plated on their lunch trays. 
+ Means are calculated across all students observed. 
 
Table 4.4. Adjusted mean percentage of students from WITS and Control schools that had any 
fruit on tray and consumed any fruit at Time 0 and Time 1.   
Food Group 
Time 0 % Students^  Time 1 % Students^ 
Control WITS Control WITS 
n % n % n % n % 
Fruit 
Any On Tray 702 76.3 678 74.5 733 80.9 667 77.7 
Any Eaten (when on tray)# 538 61.8 504 64.9 603 69.2 547 67.8 
Any Eaten (all students)+ 700 45.5 676 47.9 725 56.4 666 53.1 
^ Means are adjusted for individual-level demographics of grade, and gender, and school-level demographics of school size, % Black, % 
Hispanic, and % FRPL.  
n  = number of students. 
# Means are calculated only within students that had fruit selected/plated on their lunch trays. 
+ Means are calculated across all students observed. 
 
Within the students that had fruit on tray, the students in the WITS intervention schools 
ate on average 0.156 cups of fruit, which was not significantly more than the 0.111 cups of fruit 
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that students in the Control schools ate (Table 4.3). Across all students sampled, those in the 
WITS intervention schools ate on average 0.084 cups of fruit, which was also not significantly 
more than the 0.059 cups of fruit that students in the Control schools ate.   
At Time 0, 74.5% of students in the WITS intervention schools had fruit on tray (Table 
4.4). This was not significantly different than the percentage of students in the Control schools 
that had fruit on tray, which was 76.3%. Within the students that had fruit on tray, 64.9% of 
students in the WITS intervention schools ate any of the fruit, which was not significantly more 
than the 61.8% of students in the Control schools that ate any of the fruit. Across all students 
sampled, the percentage of students from the WITS intervention schools (47.9%) that ate any 
fruit was not significantly different from that of the Control schools (45.5%). 
These results showed that with well-matched control schools on select demographics, 
amount of fruit consumed, and percentage of students that had any fruit on tray or consumed 
any fruit, was not significantly different between WITS intervention schools and Control 
schools at Time 0.  
 
4.4.2 Time 1 fruit on tray and consumption between WITS and Control schools 
At Time 1, there were no significant differences between the WITS intervention schools 
and the Control schools, in the mean amount of fruit eaten, either when fruit was on the tray, or 
across all students observed (Table 4.3). Similarly, at Time 1, there were no significant 
differences between the WITS intervention schools and the Control schools, in the percentage of 
students that had any fruit on tray, and the percentage of students that ate any fruit, either when 
fruit was on the tray, or across all students observed (Table 4.4).  
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These results suggest that there was no effect of the WITS programming on the 
amount of fruit consumed, and the percentage of students that had any fruit on tray or 
consumed any fruit, after one year of the intervention. Even though more than three-quarters 
of students from both WITS and Control schools have fruit on tray, those students on average 
only ate a low amount of about 0.15 cups of fruit.  
 
4.4.3 Time 0 vegetable on tray and consumption 
At Time 0, there were no significant differences between the WITS intervention schools 
and the Control schools, in the mean amount of vegetables eaten, either when vegetable was on 
the tray, or across all students observed (Table 4.5). There were also no significant differences 
between the WITS intervention schools and the Control schools, in the mean percentage of 
students that had any vegetables on tray, and the mean percentage of students that ate any 
vegetables, either when vegetables was on the tray, or across all students observed (Table 4.6). 
 
Table 4.5. Adjusted mean amount of vegetable consumed for WITS and Control schools at Time 
0 and Time 1.   
Food Group 
Time 0 Amount^ Time 1 Amount^ 
Control WITS Control WITS 
n Cups n Cups n Cups n Cups 
Vegetable Cups Eaten (when on tray)
# 311 0.009 414 0.022 344 0.019 527 0.023 
Cups Eaten (all students)+ 669 0.002 663 0.006 710 0.004 662 0.012 
^ Means are adjusted for individual-level demographics of grade, and gender, and school-level demographics of school size, % Black, % 
Hispanic, and % FRPL.  
n  = number of students. 
# Means are calculated only within students that had vegetable selected/plated on their lunch trays. 




Table 4.6. Adjusted mean percentage of students from WITS and Control schools that had any 
vegetable on tray and consumed any vegetable at Time 0 and Time 1. 
Food Group 
Time 0 % Students^  Time 1 % Students^ 
Control WITS Control WITS 
n % n % n % n % 
Vegetable 
Any On Tray 669 46.9 669 62.3 715 43.3 667 67.7 
Any Eaten (when on tray)# 311 22.6 414 28.6 344 28.4 527 29.0 
Any Eaten (all students)+ 669 10.8 663 15.9 710 12.8 662 19.8 
^ Means are adjusted for individual-level demographics of grade, and gender, and school-level demographics of school size, % Black, % 
Hispanic, and % FRPL.  
n  = number of students. 
# Means are calculated only within students that had vegetable selected/plated on their lunch trays. 
+ Means are calculated across all students observed. 
 
Within the students that had vegetable on tray, students in the WITS intervention schools 
ate on average 0.022 cups of vegetable, which was not significantly different than the 0.009 cups 
of vegetable that students in the Control schools ate (Table 4.5). Across all students sampled, 
those in the WITS intervention schools ate on average 0.006 cups of vegetable, which was also 
not significantly more than the 0.002 cups of vegetable that students in the Control schools ate.   
At Time 0, 62.3% of students in the WITS intervention schools had vegetable on tray 
(Table 4.6). This was not significantly higher than the percentage of students in the Control 
schools that had vegetable on tray, which was 46.9%. Within the students that had vegetable on 
tray, 28.6% of students in the WITS intervention schools ate any of the vegetable, which was not 
significantly different than the 22.6% of students in the Control schools that ate any of the 
vegetable. Across all students sampled, the percentage of students from the WITS intervention 
schools (15.9%) that ate any vegetable was not significantly different compared to those from the 
Control schools (10.8%).  
These results showed that with well-matched control schools on select demographics, 
amount of vegetable consumed, and percentage of students that had any vegetable on tray or 
consumed any vegetable, was not significantly different between WITS intervention schools 
and Control schools at Time 0.  
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4.4.4 Time 1 vegetable on tray and consumption between WITS and Control schools 
At Time 1, there were no significant differences between the WITS intervention schools 
and the Control schools, in the mean amount of vegetable eaten, when fruit was on the tray, or 
across all students observed (Table 4.5). Similarly, at Time 1, there were no significant 
differences between the WITS intervention schools and the Control schools, in the percentage of 
students that had any vegetable on their trays, and the percentage of students that ate any 
vegetable, either when vegetable was on the tray, or across all students observed (Table 4.4).  
These results suggest that there was no effect of the WITS programming on the 
amount of vegetable consumed, and the percentage of students that had any vegetable on tray 
or consumed any vegetable, after one year of the intervention. Even though more two-fifths of 
students from WITS and Control schools have fruit on tray, those students on average only ate 
a very low amount of about 0.02 cups of vegetables.  
 
4.4.5 Time 0 salad selection and consumption 
At Time 0, there were no significant differences between the WITS intervention schools 
and the Control schools, in the mean amount of salad taken, and the mean amount of salad 
consumed, either when salad was on the tray, or across all students observed (Table 4.7). There 
were also no significant differences between the WITS intervention schools and the Control 
schools, in the mean percentage of students that had any salad on tray, and the mean percentage 




Table 4.7. Adjusted mean amount of salad taken and consumed for WITS and Control schools at 
Time 0 and Time 1.   
Food Group 
Time 0 Amount^  Time 1 Amount^ 
Control WITS Control WITS 
n Cups n Cups n Cups n Cups 
Salad 
Cups Taken 67 0.372 110 0.428 68 0.387 107 0.385 
Cups Eaten (when on tray)# 67 0.102 110 0.097 68 0.093 107 0.111 
Cups Eaten (all students)+ 514 0.001 512 0.004 583 0.002 571 0.004 
^ Means are adjusted for individual-level demographics of grade, and gender, and school-level demographics of school size, % Black, % 
Hispanic, and % FRPL. 
n  = number of students. 
# Means are calculated only within students that had taken. 
+ Means are calculated across all students observed. 
 
Table 4.8. Adjusted mean percentage of students from WITS and Control schools that took and 
consumed any salad at Time 0 and Time 1.   
Food Group 
Time 0 % Students^ Time 1 % Students^ 
Control WITS Control WITS 
n % n % n % n % 
Salad 
Any Taken 514 13.1 512 19.8 584 14.2 571 19.7 
Any Eaten (when on tray)# 67 63.0 110 73.2 68 79.1 107 75.3 
Any Eaten (all students)+ 514 7.3 512 14.8 583 11.8 571 14.7 
^ Means are adjusted for individual-level demographics of grade, and gender, and school-level demographics of school size, % Black, % 
Hispanic, and % FRPL. 
n  = number of students. 
# Means are calculated only within students that had taken. 
+ Means are calculated across all students observed. 
 
At Time 0, students in the WITS intervention schools had on average 0.428 cups of salad 
on their trays (Table 4.7). This was not significantly different than the 0.372 cups of salad that 
students in the Control schools on average had on their trays. Within the students that had salad 
on tray, the students in the WITS intervention schools ate on average 0.097 cups of salad, which 
was not significantly different than the 0.102 cups of salad that students in the Control schools 
ate. Across all students sampled, those in the WITS intervention schools ate on average 0.004 
cups of salad, which was not significantly different than the 0.001 cups of salad that students in 
the Control schools ate.   
At Time 0, 19.8% of students in the WITS intervention schools had salad on tray (Table 
4.8). This was not significantly different than the percentage of students in the Control schools 
that had salad on tray, which was 13.1%. Within the students that had salad on tray, 73.2% of 
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students in the WITS intervention schools ate any of the salad, which was not significantly 
different than the 63.0% of students in the Control schools that ate any of the salad. Across all 
students sampled, the percentage of students in the WITS intervention schools (10.7%) that ate 
any salad was not significantly different from the percentage of students in the Control schools 
(5.8%).  
Similar to fruit and vegetable, these results showed that with well-matched control 
schools on select demographics, amount of salad taken or consumed, and percentage of 
students that had any salad on tray or consumed any salad, was not significantly different 
between WITS intervention schools and Control schools at Time 0.  
 
4.4.6 Year 1 salad selection and consumption between WITS and Control schools  
At Time 1, there were no significant differences between the WITS intervention schools 
and the Control schools, in the mean amount of salad taken, and the mean amount of cups eaten, 
either when salad was on the tray, or across all students observed (Table 4.7). Similarly, at Year 
1, there were no significant differences between the WITS intervention schools and the Control 
schools, in the percentage of students that had any salad on their trays, and the percentage of 
students that ate any salad, either when salad was on the tray, or across all students observed 
(Table 4.8).  
These results suggest that there was no effect of the WITS programming on the 
amount of salad taken or consumed, and the percentage of students that had any salad on tray 
or consumed any salad, after one year of the intervention. Only about 14 to 20% of students 
from WITS and Control schools took salad, and those students on average ate a low amount of 
about 0.1 cups of salad.  
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4.5 Time 1 Comparisons between 2nd and 3rd Grade Students 
 
4.5.1 Time 1 fruit on tray and consumption between 2nd and 3rd grade students 
At Year 1, within the students that had fruit on tray, students in 3rd grade ate on average 
0.181 cups of fruit, while students in 2nd grade ate on average 0.145 cups of fruit (Table 4.9). 
Students in 3rd grade that had fruit on tray on average ate significantly more fruit than students in 
2nd grade that had fruit on tray. Across all students sampled, students in 3rd grade ate on average 
0.122 cups of fruit, while students in 2nd grade ate on average 0.095 cups of fruit. Across all 
students, students in 3rd grade on average ate significantly more fruit than students in 2nd grade. 
There were no significant differences found between the percentages of 2nd and 3rd grade 
students with any fruit on tray or any fruit eaten (Table 4.10). 
 
Table 4.9. Adjusted mean amount of fruit, vegetable, and salad consumed and amount of salad 
taken by 2nd and 3rd grade students in WITS and Control schools at Time 1. 
Food Group 2
nd Grade Amount^ 3rd Grade Amount^ 
n Cups  n  Cups 
Fruit Cups Eaten (when on tray)
# 521 0.145 586   0.181* 
Cups Eaten (all students)+ 667 0.095 725   0.122* 
Vegetable Cups Eaten (when on tray)
# 378 0.014 390   0.025* 
Cups Eaten (all students)+ 649 0.003 725 0.005 
Salad 
Cups Taken 69 0.365 106 0.410 
Cups Eaten (when on tray)# 69 0.072 106   0.120* 
Cups Eaten (all students)+ 538 0.001 608   0.004* 
^ Means are adjusted for individual-level demographics of gender, and school-level demographics of school size, % Black, % Hispanic, % FRPL, 
and study condition group. 
n  = number of students. 
# Means are calculated only within students that had items from that food group selected/plated on their lunch trays. 
+ Means are calculated across all students observed. 




Table 4.10. Adjusted mean percentage of 2nd and 3rd grade students from WITS and Control 
schools that had on tray and consumed any fruit, vegetable, and salad at Time 1.   
Food Group % 2
nd Grade Students^ % 3rd Grade Students^ 
n % n % 
Fruit 
Any On Tray 667 80.5 725 81.4 
Any Eaten (when on tray)# 521 67.5 586 71.1 
Any Eaten (all students)+ 667 54.7 725 58.3 
Vegetable 
Any On Tray 649 45.0 725 41.5 
Any Eaten (when on tray)# 378 26.5 390 30.5 
Any Eaten (all students)+ 649 12.7 725 13.0 
Salad 
Any Taken 538 11.9 609 16.6* 
Any Eaten (when on tray)# 69 78.1 106 80.2 
Any Eaten (all students)+ 538 10.1 608 13.6 
^ Means are adjusted for individual-level demographics of gender, and school-level demographics of school size, % Black, % Hispanic, % FRPL, 
and study condition group. 
n  = number of students. 
# Means are calculated only within students that had items from that food group selected/plated on their lunch trays. 
+ Means are calculated across all students observed. 
* Students in this grade have a significant (p<0.05) mean value higher than students in the other grade. 
 
4.5.2 Time 1 vegetable on tray and consumption between 2nd and 3rd grade students 
At Time 1, within the students that had vegetable on tray, students in 3rd grade ate on 
average 0.025 cups of vegetable, while students in 2nd grade ate on average 0.014 cups of 
vegetable. Students in 3rd grade that had vegetable on tray on average ate significantly more 
vegetable than students in 2nd grade that had vegetable on tray. Across all students, students in 
2nd and 3rd grade did not differ in the amount of vegetable eaten. There were no significant 
differences found between the percentages of 2nd and 3rd grade students with any vegetable on 
tray or any vegetable eaten. 
 
4.5.3 Time 1 salad selection and consumption between 2nd and 3rd grade students 
At Time 1, 2nd and 3rd grade students did not differ in the cups of salad taken. Within the 
students that had salad on tray, students in 3rd grade ate on average 0.120 cups of salad, while 
students in 2nd grade ate on average 0.072 cups of salad. Students in 3rd grade that had salad on 
tray on average ate significantly more salad than students in 2nd grade that had salad on tray. 
Across all students sampled, students in 3rd grade ate on average 0.004 cups of salad, while 
 121 
students in 2nd grade ate on average 0.001 cups of salad. Across all students, students in 3rd grade 
on average ate significantly more salad than students in 2nd grade. 
 At Time 1, 16.6% of 3rd grade students took any salad, which was significantly more 
than the 11.9% of 2nd grade students that took any salad (Table 4.10). There were no significant 
differences found between the percentages of 2nd and 3rd grade students with any salad eaten.  
 
These results suggest that 3rd grade students from both WITS and Control schools ate 
more fruits and salad than 2nd grade students from both WITS and Control schools, either 
when the food item was on tray, or across all students. Students in 3rd grade that had vegetable 
on tray ate significantly more vegetable than students in 2nd grade that had vegetable on tray. 
More 3rd grade students had any salad on tray than 2nd grade students.   
 
4.6 Time 1 Comparisons between Girls and Boys 
 
4.6.1 Time 1 fruit on tray and consumption between girls and boys 
At Time 1, within the students that had fruit on tray, girls and boys did not differ in the 
amount of fruit eaten (Table 4.11). Across all students sampled, girls ate on average 0.119 cups 
of fruit, while boys ate on average 0.097 cups of fruit. Across all students, girls on average ate 




Table 4.11. Adjusted mean amount of fruit, vegetable, and salad consumed and amount of salad 
taken by girls and boys in WITS and Control schools at Time 1.  
Food Group Girls Amount^ Boys Amount^ n Cups  n  Cups 
Fruit Cups Eaten (when on tray)
# 587 0.167 520 0.157 
Cups Eaten (all students)+ 708   0.119* 684 0.097 
Vegetable Cups Eaten (when on tray)
# 386 0.023 382 0.016 
Cups Eaten (all students)+ 698 0.005 676 0.003 
Salad 
Cups Taken 121 0.389 54 0.384 
Cups Eaten (when on tray)# 121 0.086 54 0.101 
Cups Eaten (all students)+ 592   0.004* 554 0.001 
^ Means are adjusted for individual-level demographics of grade, and school-level demographics of school size, % Black, % Hispanic, % FRPL, 
and study condition group. 
n  = number of students. 
# Means are calculated only within students that had items from that food group selected/plated on their lunch trays. 
+ Means are calculated across all students observed. 
* Students of this gender have a significant (p<0.05) mean value higher than students in the other gender. 
 
At Time 1, 84.7% of girls had any fruit on tray, which was significantly more than the 
77.3% of boys that had any fruit on tray (Table 4.12). Within students that had any fruit on tray, 
there were no differences in the percentages of girls and boys that ate any fruit. Across all 
students, 60.6% of girls ate any fruit, which was significantly more than the 52.4% of boys that 
ate any fruit.   
 
Table 4.12. Adjusted mean percentage of girls and boys from WITS and Control schools that 
had on tray and consumed any fruit, vegetable, and salad at Time 1.   
Food Group % Girls^ % Boys^  n % n % 
Fruit 
Any On Tray 708   84.7* 684 77.3 
Any Eaten (when on tray)# 587 71.7 520 66.9 
Any Eaten (all students)+ 708   60.6* 684 52.4 
Vegetable 
Any On Tray 698 42.3 676 44.3 
Any Eaten (when on tray)# 386 31.0 382 26.0 
Any Eaten (all students)+ 698 13.9 676 11.8 
Salad 
Any Taken 593   19.4* 554 9.2 
Any Eaten (when on tray)# 121 77.1 54 81.0 
Any Eaten (all students)+ 592 15.6* 554 8.2 
^ Means are adjusted for individual-level demographics of grade, and school-level demographics of school size, % Black, % Hispanic, % FRPL, 
and study condition group. 
n  = number of students. 
# Means are calculated only within students that had items from that food group selected/plated on their lunch trays. 
+ Means are calculated across all students observed. 
* Students of this gender have a significant (p<0.05) mean value higher than students in the other gender. 
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4.6.2 Time 1 vegetable on tray and consumption between girls and boys 
At Time 1, girls and boys did not differ in the amount of vegetable eaten, either within 
students that had vegetable on tray or across all students. At Time 1, there were no differences in 
the percentages of girls and boys with any vegetable on tray or any vegetable eaten.   
 
4.6.3 Time 1 salad selection and consumption between girls and boys 
At Time 1, girls and boys did not differ in the amount of salad taken. Within students that 
had any salad on tray, girls and boys did not differ in the amount of salad eaten. Across all 
students sampled, girls ate on average 0.004 cups of salad, while boys ate on average 0.001 cups 
of salad. Across all students, girls on average ate significantly more salad than boys. 
At Time 1, 19.4% of girls had any salad on tray, which was significantly more than the 
9.2% of boys that had any salad on tray. Within students that had any salad on tray, there were 
no differences in the percentages of girls and boys that ate any salad. Across all students, 15.6% 
of girls ate any salad, which was significantly more than the 8.2% of boys that ate any salad.   
 
These results suggest that across all students, girls from both WITS and Control 
schools ate more fruits and salad than boys from both WITS and Control schools. More girls 
had any fruit and salad on tray than boys, and across all students, more girls ate any fruit and 




4.7 Relationship of school lunch environmental factors with fruit, vegetable and salad 
consumption  
  
 There were 64 unique school lunch periods from Time 0 and Time 1 assessed in this 
current investigation, with 32 lunch periods each for WITS and Control schools. WITS schools 
did not differ significantly from Control schools in the frequencies of “Yes” responses for 
categorical school lunch environmental factors, except for vegetables being positioned as the 
first item in the lunch line (Table 4.13). More unique school lunch periods assessed in Control 
schools than in WITS schools had vegetables positioned as the first item in the lunch line. WITS 
schools did not differ significantly from Control schools in the mean amount of wait time before 
getting school lunch, and the mean number of salad bar items served (Table 4.14). However 
Control schools, did have a significantly longer minimum amount of school lunch time than 
WITS schools. This could be due to Control school C1 that had an abnormally longer lunch 





Table 4.13. Frequencies of “Yes” responses for categorical school lunch environmental factors 
in unique assessed school lunch periods from Time 0 and Time 1 for WITS and Control schools. 
School Lunch Environmental Factors 
Control 
  n / N  
(%) 
WITS 
n / N  
(%) 
Total 
n / N  
(%) 
(A) Lunch is after recess 10 / 31 (32.3%) 
9 / 30 
(30.0%) 
19 / 61 
(31.1%) 
(B) Fruits are pre-plated on lunch trays  5 / 32 (15.6%) 
8 / 32 
(25.0%) 
13 / 64 
(20.3%) 
(C) Two or more fruit options are available 11 / 30 (36.7%) 
9 / 32 
(28.1%) 
20 / 62 
(32.3%) 
(D) Fruits are sliced or pre-cut 14 / 23 (60.9%) 
21 / 31 
(67.7%) 
35 / 54 
(64.8%) 
(E) Whole fruits are in an attractive serving bowl 10 / 23 (43.5%) 
8 / 22 
(36.4%) 
18 / 45 
(40.0%) 
(F) Vegetables are pre-plated on lunch trays  15 / 32 (46.9%) 
23 / 32 
(71.9%) 
38 / 64 
(59.4%) 
(G) Two or more vegetable options are available 7 / 32 (21.9%) 
4 /32 
(12.5%) 
11 / 64 
(17.2%) 
(H) Vegetables are positioned as first item in lunch line  15 / 32   (46.9%)* 
6 / 30  
(20.0%) 
21 / 62 
(33.9%) 
(I) Salad bar is part of lunch line 19 / 32 (59.4%) 
18 / 25 
(72.0%) 
37 / 57 
(65.0%) 
n  = number of unique school lunch periods with “Yes” response. 
N  = total assessed school lunch periods that were applicable. 
* Schools in this group have a significant (p<0.05) frequency higher than schools in the other group. 
 
Table 4.14. Mean values of continuous school lunch environmental factors in unique assessed 
school lunch periods from Time 0 and Time 1 for WITS and Control schools. 





(J) Wait time before getting school lunch (min) 4.9 (3.2)   4.3 (4.4)   4.6 (3.8) 
(K) Time duration of school lunch (min)  16.6 (4.6)* 11.8 (3.2) 14.2 (4.6) 
(L) Number of salad bar items (total number) 6.2 (1.3)   6.0 (0.5)   6.1 (1.0) 
SD = standard deviation.  
* Schools in this group have a significant (p<0.05) mean value higher than schools in the other group. 
 
4.7.1 Relationship of school lunch environmental factors with fruit consumption 
 For fruit eaten when students had fruit on tray, slicing or pre-cutting of fruits was found 
to have a significant positive correlation with fruit consumption (Table 4.15). However, pre-
plating fruits on lunch trays was found to have a significant negative correlation with fruit 
consumption when students had fruit on tray.  
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Table 4.15. Relationship of school lunch environmental factors with amount of fruit consumed 
when on tray or across all students.  
School Lunch Environmental Factors 
When On Tray^ All Students^ 
β-coefficient Cups of Fruit Consumed β-coefficient 
Cups of Fruit 
Consumed 
(A) Lunch is after recess  0.083 NA    0.129*  0.081 
(B) Fruits are pre-plated on lunch trays    -0.146* -0.089  0.026 NA 
(C) Two or more fruit options are available -0.145 NA  0.010 NA 
(D) Fruits are sliced or pre-cut    0.361*  0.403    0.282*  0.219 
(E) Whole fruits are in an attractive serving bowl -0.159 NA   -0.177* -0.056 
(J) Wait time before getting school lunch (min)  0.012 NA  0.006 NA 
(K) Time duration of school lunch (min) -0.005 NA -0.004 NA 
^ Values account for individual-level demographics of grade, gender, and study time period, and school-level demographics of school size, % 
Black, % Hispanic, % FRPL, and study condition group, as well as cross-level interaction of study time period and study condition group. 
* School lunch environmental factor has a significant (p<0.05) relationship with fruit consumption. 
NA = not applicable for non-significant results. 
 
For fruit eaten across all students, having lunch after recess, and slicing or pre-cutting of 
fruits, were found to have a significant positive correlation with fruit consumption. Displaying 
whole fruits being served in an attractive serving bowl were found to have a significant negative 
correlation with fruit consumption across all students. 
When fruits are sliced or pre-cut, the consumption of fruit increases by 0.403 cups within 
students that have fruit on tray, and by 0.219 cups across all students. When fruits are pre-plated 
on lunch trays, consumption of fruit decreases by 0.089 cups within students that have fruit on 
tray. Having lunch after recess increases the consumption of fruit by 0.081 cups across all 
students. When fruits are served in an attractive serving bowl, the consumption of fruit decreases 
by 0.056 across all students.  
 
4.7.2 Relationship of school lunch environmental factors with vegetable consumption 
For vegetable eaten when students had vegetable on tray, no school lunch environmental 
factors tested were significant (Table 4.16). However, for vegetable eaten across all students, 
pre-plating of vegetables on lunch trays, and having two or more vegetable options were found to 
have a significant positive correlation with vegetable consumption.  
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Table 4.16. Relationship of school lunch environmental factors with amount of vegetable 
consumed when on tray or across all students. 
School Lunch Environmental Factors 









(A) Lunch is after recess  0.011 NA  0.039 NA 
(F) Vegetables are pre-plated on lunch trays   0.070 NA    0.101* 0.024 
(G) Two or more vegetable options are available  0.052 NA    0.047* 0.009 
(H) Vegetables are positioned as first item in lunch line  0.063 NA  0.058 NA 
(J) Wait time before getting school lunch (min)  0.002 NA  0.002 NA 
(K) Time duration of school lunch (min) -0.002 NA -0.003 NA 
^ Values account for individual-level demographics of grade, gender, and study time period, and school-level demographics of school size, % 
Black, % Hispanic, % FRPL, and study condition group, as well as cross-level interaction of study time period and study condition group. 
* School lunch environmental factor has a significant (p<0.05) relationship with vegetable consumption. 
NA = not applicable for non-significant results. 
 
When vegetables are pre-plated on lunch trays, the consumption of vegetables increases 
by 0.024 cups across all students. When there are two or more vegetable options served, the 
consumption of vegetables increases by 0.009 cups across all students.  
 
4.7.3 Relationship of school lunch environmental factors with salad consumption 
For salad eaten when students had salad on tray, no school lunch environmental factors 
tested were significant (Table 4.17). However, for salad eaten across all students, wait time 
before school lunch started was found to have a significant positive correlation with salad 
consumption. Increasing wait time before getting school lunch from 2 minutes (1st quartile) to 4 
minutes (2nd quartile) led to an increase in salad consumption from 0.004 cups to 0.008 cups. 
Increasing wait time before getting school lunch from 4 minutes (2nd quartile) to 6 minutes (3rd 




Table 4.17. Relationship of school lunch environmental factors with amount of salad consumed 
when on tray or across all students. 
School Lunch Environmental Factors 
When On Tray^ All Students^ 
β-coefficient Cups of Salad Consumed  β-coefficient 
Cups of Salad 
Consumed 
(A) Lunch is after recess 0.155 NA  0.013 NA 
(I) Salad bar is part of lunch line 2.907 NA -0.826 NA 




(K) Time duration of school lunch (min) 0.016 NA  0.002 NA 
(L) Number of salad bar items (total number) 0.032 NA -0.007 NA 
^ Values account for individual-level demographics of grade, gender, and study time period, and school-level demographics of school size, % 
Black, % Hispanic, % FRPL, and study condition group, as well as cross-level interaction of study time period and study condition group. 
* School lunch environmental factor has a significant (p<0.05) relationship with salad consumption. 
Q1 = 1st quartile, Q2 = 2nd quartile, Q3 = 3rd quartile.  
 
These results suggest that there are a few school lunch environmental factors such as 
slicing or pre-cutting of fruits, having lunch after recess, displaying whole fruits being served 
in an attractive serving bowl, pre-plating of fruits or vegetables on lunch trays, and having two 
or more vegetable options were found to have a significant impact on fruit and vegetable 
consumption. 
 
4.8 WITS Fidelity 
 
4.8.1 Unsweetened white milk as only option 
Three of the WITS intervention schools in this study, W1, W6, and W7, were already 
serving only unsweetened white milk at Time 0 prior to receiving the full WITS intervention 
(Table 4.18). Four of the WITS intervention schools in this study, W2-W5, had chocolate milk, 
and continued to serve chocolate milk as a milk option in the first school year through the Time 0 
and Time 1 study periods. All of the Control schools had chocolate milk, and continued to serve 









6 Salad Bar 
Components 











Time 0 Time 1 Time 0 Time 1 Time 0 Time 1 Time 0 Time 1 Time 0 Time 1 Time 0 Time 1 
W1 ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ ✗ 4 3 
W2 ✗ ✗ ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✗ 3 3 
W3 ✗ ✗ NA+ NA+ ✓ ✓ ✗ ✗ ✗  ✓# 1 2 
W4 ✗ ✗ NA^  ✓# ✓ ✓ ✗ ✗ ✗ ✗ 1 2 
W5 ✗ ✗ ✓ ✓ ✓ ✓ ✗ ✗ ✗ ✗ 2 2 
W6 ✓ ✓  ✓# ✓ ✓ ✓ ✗ ✓ ✗ ✓ 3 5 
W7 ✓ ✓ ✓ ✓ ✓ ✓ ✗ ✓ ✗ ✓ 3 5 
C1 ✗ ✗ ✓ ✓ ✗ ✗ NA NA NA NA NA NA 
C2 ✗ ✗ ✓ ✓ ✗ ✗ NA NA NA NA NA NA 
C3 ✗ ✗ ✗ ✗ ✗ ✗ NA NA NA NA NA NA 
C4 ✗ ✗ ✓ ✗ ✗ ✗ NA NA NA NA NA NA 
C5 ✗ ✗ ✓ ✓ ✗ ✗ NA NA NA NA NA NA 
C6 ✗ ✗ NA+ NA+ ✗ ✗ NA NA NA NA NA NA 
C7 ✗ ✗ ✓ ✓ ✗ ✗ NA NA NA NA NA NA 
* Scores could have a minimum of 0 and a maximum of 5. 
NA = not applicable. 
+ School had a salad bar but did not put it in use and so did not serve any salad. 
^ School did not own a salad bar.  
# Only applicable to half of the unique school lunch periods assessed with PIECES for that time period. 
 
 
4.8.2 Salad bar 
One of the WITS intervention school in this study, W4, did not have a salad bar prior to 
receiving the WITS intervention, and purchased two salad bars for the two cafeterias halfway 
through the first school year after the Time 0 study period. At Time 1, both salad bars were in 
use at W4, but only the salad bar in one of the two cafeterias (the boys cafeteria) met the criteria 
of serving six or more salad bar items.  
At Time 0, one of the WITS intervention school, W6, served salad for both same-day 
school lunch periods assessed with PIECES, but only met the criteria of serving six or more 
salad bar items for one of the two lunch periods. At Time 0, one of the Control schools, C3, 
served salad but did not meet the criteria of serving six or more salad bar items. At Time 1, two 
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of the Control schools, C3 and C4, served salad but did not meet the criteria of serving six or 
more salad bar items. 
At Time 0 and Time 1, one WITS intervention school, W3, and one Control school, C6, 
had a physical salad bar, but did not serve any salad.  
 
4.8.3 WITS Alternative Menu and WITS Chef presence 
All the WITS schools had switched to the Alternative Menu at Time 0, and continued to 
serve only the Alternative Menu at Time 1. All the Control schools were serving the NYCDOE 
Regular Menu and not the Alternative Menu at Time 0 and Time 1. At Time 0, WITS Chefs were 
working in the kitchen in two schools, W1 and W2, but were not present in the school cafeteria 
in any of the schools (Table 4.18). At Time 1, WITS Chefs were working in the kitchen in three 
schools, W2, W6, and W7, and were present in the school cafeteria in three schools, W3, W6, 
and W7. For W3, the WITS Chef was present in the cafeteria only one of the two same-day 
unique school lunch periods assessed with PIECES at Time 1.  
 
4.8.4 WITS Labs and WITS Bits  
Within the first school year through the Time 0 and Time 1 study periods, all four WITS 
Labs covering tomato, potato, beans, and salad dressing were conducted with 2nd and 3rd grade 
students in all seven of the WITS intervention schools. These WITS Lab covered preparation of 
a raw tomato salad, roasted potato wedges, vegetarian bean chili, and salad dressing made from 
scratch that can be paired with salad.  
Within the first school year through the Time 0 and Time 1 study periods, WITS Bits 
sessions were conducted with 2nd and 3rd grade students in only 1 WITS intervention school, W2. 
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In this school W2, two sessions on reduction of sugar consumption, titled “Sugar Overload”, was 
conducted with only 3rd grade students.  
 
Table 4.19. Frequency of WITS Labs and WITS Bits sessions conducted through Time 0 and 
Time 1 study periods.  
WITS School WITS Labs WITS Bits 
W1 4 0 
W2 4  2^ 
W3 4 0 
W4 4 0 
W5 4 0 
W6 4 0 
W7 4 0 
^ WITS Bits sessions were conducted only with 3rd grade students. 
 
4.8.5 Control schools’ use of $1000 funds 
At the end of the 2015-2016 school year, Control schools reported the use of the funds of 
$1000 that they received as part of participation in the larger main evaluation study (Table 4.20). 
Five of the six schools that used the funds of $1000 used it on equipment or programming related 
to food, fitness, or health.  
 
Table 4.20. Reported use of $1000 funds by Control schools. 
Control School How $1000 Funds Were Used 
C1 School garden program 
C2 (Funds not used by end of 2015-2016 school year) 
C3 Physical education equipment 
C4 Hula hoops, jump ropes, board games, chess, DVDs, chalk,  
C5 Attendance awards and rewards for students 
C6 Power tools and shovels for school garden 
C7 Setting up of movement room, health and wellness fair, and yoga mats 
 
Overall, most of the WITS schools did not achieve maximum WITS fidelity by Time 1, 
and most of the Control schools spent funds on equipment and programming related to food, 
fitness, or health. 
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4.9 Fruit and Vegetable Options 
 
4.9.1 Fruit options at Time 0 and Time 1  
 At Time 0, WITS intervention schools predominantly served apples (in all forms), and 
did so more often than Control schools, and served less variety of different fruit options across 
all lunch period observation sessions in this study (Table 4.21). Cantaloupe, cherry ices cup, 
cocktail mixed fruit, grape (alone), honeydew, and strawberry ices cup was not served in WITS 
intervention schools in any of the lunch period observation sessions at Time 0. At Time 1, WITS 
intervention schools and Control schools served apples (in all forms) more similarly than at Time 
0. Peach ices tube, pear (diced or whole), and strawberry ices cup was not served in WITS 




Table 4.21. Fruit options served at Time 0 and Time 1 in WITS and Control schools.  
Fruit Items 









n (%)+ n (%)+ n (%)+ n (%)+ 
Apple Sauce 0 (0)  6 (7) 4 (8) 0 (0)  
Apple Slices 2 (3) 16 (19) 19 (37) 24 (48) 
Apple Slices w/ Grape 0 (0)  4 (5) 0 (0)  0 (0)  
Apple (Whole) 24 (33) 22 (26) 9 (18) 11 (22) 
Banana 6 (8) 15 (18) 7 (14) 4 (8) 
Cantaloupe 2 (3) 0 (0)  0 (0)  0 (0)  
Cherry Ices Cup 2 (3) 0 (0)  0 (0)  0 (0)  
Cocktail Mixed Fruit 2 (3) 0 (0)  0 (0)  0 (0)  
Grapes 3 (4) 0 (0)  0 (0)  0 (0)  
Honeydew 4 (6) 0 (0)  0 (0)  0 (0)  
Orange (Whole) 0 (0)  0 (0)  11 (22) 4 (8) 
Orange Slices 0 (0)  0 (0)  0 (0)  13 (26) 
Peach Ices Cup  0 (0)  0 (0)  8 (16) 4 (8) 
Peach Ices Tube 0 (0)  0 (0)  1 (2) 0 (0)  
Peach Slices 0 (0)  0 (0)  9 (18) 2 (4) 
Pear (Diced) 6 (8) 0 (0)  3 (6) 0 (0)  
Pear (Whole) 15 (21) 15 (18) 3 (6) 0 (0)  
Pineapple 0 (0)  4 (5) 0 (0)  2 (4) 
Strawberry Ices Cup 6 (8) 0 (0)  1 (2) 0 (0)  
Watermelon	 0 (0)  2 (2) 0 (0)  0 (0)  
# Number of unique lunch period observations conducted across all schools. 
n  = number of unique school lunch periods. 
+ Percentages do not tally up to 100% because unique lunch sessions could serve more than one fruit option. 
 
4.9.2 Vegetable options at Time 0 and Time 1  
At Time 0, both WITS intervention schools and Control schools served a similar variety 
of vegetables for school lunch and no predominant vegetable item that was served (Table 4.22). 
At Time 1, WITS intervention schools served a greater variety of vegetables for school lunch 
than Control schools. Bean chili, black bean salad, corn, cucumber, egg roll, green bean, kale 
salad, lettuce and tomato toppings, pickles, and tomato salad, was not served in Control schools 
in any of the lunch period observation sessions at Time 1. 
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Table 4.22. Vegetable options served at Time 0 and Time 1 in WITS and Control schools.  
Vegetable Items 









n (%)+ n (%)+ n (%)+ n (%)+ 
Bean Chili 0 (0)  0 (0) 0 (0) 4 (8) 
Black Bean Salad 4 (8) 4 (8) 0 (0) 4 (8) 
Black Bean (Sofrito) 8 (16) 8 (16) 4 (8) 2 (4) 
Broccoli 7 (14) 3 (6) 14 (27) 5 (10) 
Cabbage stirfry w/ Cauliflower 0 (0) 0 (0) 6 (12) 0 (0) 
Carrot (Baby) 6 (12) 4 (8) 6 (12) 7 (14) 
Cauliflower 0 (0) 0 (0) 1 (2) 0 (0) 
Chickpea Salad 2 (4) 2 (4) 4 (8) 4 (8) 
Corn 4 (8) 4 (8) 0 (0) 7 (14) 
Cucumber 3 (6) 0 (0)  0 (0) 7 (14) 
Egg Roll Vegetable 0 (0) 1 (2) 0 (0) 2 (4) 
Garden Salad 4 (8) 2 (4) 8 (16) 2 (4) 
Green Bean 8 (16) 4 (8) 0 (0) 4 (8) 
Hummus 0 (0) 2 (4) 0 (0) 0 (0) 
Kale 1 (2) 6 (12) 0 (0) 0 (0) 
Kale & Chickpea w/ Red Pepper 0 (0) 0 (0) 0 (0) 2 (4) 
Kale Salad w/ Grape 2 (4) 6 (12) 0 (0) 0 (0) 
Kale Salad w/ Tomato & Onion 2 (4) 0 (0) 0 (0) 2 (4) 
Lettuce & Tomato Toppings 0 (0) 0 (0) 0 (0) 2 (4) 
Plantain 5 (10) 8 (16) 8 (16) 6 (12) 
Pickle 0 (0)  2 (4) 0 (0)  4 (8) 
Spinach 0 (0)  0 (0) 6 (12) 0 (0) 
Sweet Potato 4 (8) 10 (20) 4 (8) 0 (0) 
Tomato Salad 1 (2) 2 (4) 0 (0) 1 (2) 
Zucchini	 0 (0) 0 (0) 2 (4) 4 (8) 
# Number of unique lunch period observations conducted across all schools. 
n  = number of unique school lunch periods. 
+ Percentages do not tally up to 100% because unique lunch sessions could serve more than one fruit option. 
 
 Overall, fruit and vegetable options are similar between WITS and Control schools at 
Time 0 and Time 1 study periods.   
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The purpose of this study is to evaluate the impact of the Wellness in the Schools (WITS) 
programming in increasing school lunch consumption of fruits, vegetables, and salad bar items 
after one year, as well as to determine if there were differences in consumption between 2nd and 
3rd grade students, and between girls and boys. The study also examined the impact of the WITS 
programming on school lunch environmental factors, and the potential impact of these factors on 
school lunch consumption of fruits, vegetables, and salad bar items.  
This study found that after one year of the WITS programming, there were no significant 
differences in the consumption of fruits, vegetables, and salad bar items between WITS and 
Control schools.  
This study found differences in school lunch consumption patterns between students in 
2nd grade and those in 3rd grade from both WITS and Control schools, with older 3rd grade 
students eating more fruit and salad but not vegetable than younger 2nd grade students. The 
amount of fruit and salad consumed, within those that had it on tray or across all students, was 
higher in 3rd grade students than in 2nd grade students. Within students that had vegetables on 
tray, those in 3rd grade also ate more than those in 2nd grade. Additionally, more 3rd grade 
students took any salad than 2nd grade students.  
This study also found differences in school lunch consumption patterns between girls and 
boys from both WITS and Control schools, with girls eating more fruits and salad, but not 
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vegetables than boys. Across all students, girls ate more fruit and salad than boys. Across all 
students, more girls had any fruit and salad on tray, and ate any fruit and salad, than boys.  
This study found several interesting associations of school lunch environmental factors 
with fruit and vegetable consumption. Slicing or pre-cutting of fruits was found to have a 
significant positive correlation with fruit consumption within students that had fruit on tray, and 
across all students. Having lunch after recess was also found to have a significant positive 
correlation with fruit consumption across all students. However, pre-plating fruits on lunch trays 
was found to have a significant negative correlation with fruit consumption when students had 
fruit on tray, and displaying whole fruits being served in an attractive serving bowl was found to 
have a significant negative correlation with fruit consumption across all students.  
Pre-plating of vegetables on lunch trays, and having two or more vegetable options were 
found to have a significant positive correlation with vegetable consumption across all students. 
Only wait time before getting school lunch was found to have a significant positive correlation 
with salad consumption across all students. 
 
5.2 Discussion of Results 
 
5.2.1 WITS and Control schools 
There are many reasons that could have attributed to the lack of significant findings in 
favor of the WITS intervention. Ultimately, fruit and vegetable consumption change in children 
could be difficult. A systematic review of over 20 school-based interventions found that 
improvements in fruit consumption were moderate at about 20 g (0.24 of 80 g portion), and 
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improvements in vegetable consumption were minimal at about 5.6 g (0.07 of 80 g portion) 
(Evans et al., 2012).  
However, as also indicated in the results, fidelity to the intervention was low, which can 
result in what is known as committing Type III error (Basch et al., 1985). At Time 1, only two of 
the seven WITS intervention schools scored the maximum of five out of five points, and they 
were the co-located schools W6 and W7 that shared the same WITS Chef. The other five WITS 
intervention schools scored only two or three points out of five.  
Looking specifically at the WITS Fidelity score items, all schools were on the alternative 
menu, and all but one school, W3, served a full salad bar with at least six salad bar items. 
However, only three of the seven WITS intervention schools had the WITS Chef present in the 
kitchen or cafeteria at Time 1. This indicates a weak presence of the WITS Chef in the WITS 
intervention schools. WITS schools that were serving chocolate milk at Time 0 also did not 
eliminate chocolate milk to serve unsweetened white milk as the only milk option at Time 1. 
Even though milk consumption was not assessed in this current investigation, the assessment of 
whether unsweetened white milk was the only milk option served allows for the assessment of 
WITS fidelity. The lack of change in schools from Time 0 to Time 1 could be indicative of the 
low level of the WITS intervention programming being implemented or the difficulty of the 
WITS intervention in making a school-wide administrative change.  
WITS Labs sessions were conducted in full in all of the WITS schools, but there was a 
lack of WITS Bits sessions being conducted. Even though all seven WITS intervention schools 
conducted all four WITS Labs sessions in the 2015-2016 school year, not all of the WITS Labs 
sessions have been directly relevant in increasing the consumption of all fruits, vegetables, or 
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salad bar items assessed in this current investigation. The four WITS Labs sessions covered 
tomato, potato, beans, and salad dressing, which covered vegetables and salad, but not fruits.  
The tomato WITS Lab on a raw tomato salad would most directly impact consumption of 
tomatoes, which would appear as a vegetable item as part of NYCDOE school lunch, or as part 
of the salad bar. The potato WITS Lab covered the preparation of roasted white potato, which 
was an item that does appear on the Alternative Menu as part of the vegetable item for school 
lunch. However, white potato was the one vegetable specifically excluded in this current 
investigation since children’s intake of white potatoes in the US is high and commonly separated 
in analysis of total vegetable intake (Adams et al., 2016; Kim et al., 2014). The beans WITS Lab 
covered the preparation of a vegetarian bean chili, which was a dish that appeared as a 
protein/meat-alternative item as part of school lunch on the Alternative Menu, and rarely as a 
vegetable item. The potential impact of the beans WITS Labs, to increase the other bean-based 
dishes that were served as vegetable items for school lunch, would thus be an indirect one.   
In general, WITS Labs were centered on cooking and preparing of a specific dish or food 
item, and incorporated nutrition education as part of the session. Even though there is only one 
vegetable ingredient or dish in focus for each WITS Labs session, it is possible that WITS Chefs 
could extend beyond that one food item and directly or indirectly motivate students to eat more 
fruits and vegetables. Examples of such nutrition education aspects in the beans WITS Lab 
include learning about beans as a vegetable category that contains high protein important for 
physical growth, and about the high vitamins and antioxidants in red peppers and other colorful 
vegetables that are from the red/orange vegetable category. The optional WITS Bits covered 
additional nutrition education sessions as part of the intervention programming. However, only 
two WITS Bits sessions were conducted in one WITS intervention school, W2, and only with 3rd 
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grade students. The WITS Bits topic that was covered was on decreasing sugar consumption, and 
was not directly relevant in increasing the consumption of fruits, vegetables, or salad bar items, 
which was the outcome in focus for this current investigation.  
The results of these WITS fidelity items are indicative that the WITS intervention 
program might not have been fully executed, which is a reality of implementing a long-term 
intervention program in the real world as opposed to in a laboratory setting for a short term. Due 
to limited funding, however, the evaluation of the process and fidelity of the WITS intervention 
was not a primary outcome that generated more detailed data. This inadequate assessment of the 
WITS fidelity limited the ability in further interpretation of the outcomes.  
Even if the WITS intervention was implemented to its fullest, it might not be strong 
enough to have impacted significant change in fruit and vegetable consumption in 2nd and 3rd 
grade students. The WITS intervention was comprised of many different components, and did 
not specifically target only increasing fruit and vegetable consumption. At the same time, any 
increase achieved with the WITS programming would have had to significantly exceed efforts 
that could have taken place in the Control schools. Control schools that have agreed to 
participate in this research study might already have had an increased focus on health and 
wellness just like the WITS intervention schools. This was reflected in that the $1000 in funds 
provided to the Control schools for participation in the study was used for health- and wellness-
related purchases in five of the seven schools, despite having been requested to not do so. Thus, 
even though the Control schools did not receive the WITS intervention, there was the possibility 
that the school administration could was carrying out programs internally that would achieve 
similar increases in fruit and vegetable consumption.  
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A major component of the WITS programming that sets it apart from other programs and 
from what goes on in the Control schools is the Alternative Menu. Since September 2013, the 
menu has been standardized across all the WITS schools by NYCDOE SchoolFood as part of 
meeting requirements laid out in the Healthy, Hunger Free Kids Act (HHFKA) authorized in 
2010. This standardization under NYCDOE SchoolFood meant that fruit and vegetable items on 
the Alternative Menu might not differ too drastically from the Regular Menu served in the 
Control schools. This was the case as reflected in the similar options served in WITS and Control 
schools over Time 0 and Time 1. Additionally, there are also limitations for the WITS 
programming to have liberty in culturally-tailoring the dishes served in different WITS schools 
depending on the racial and ethnic makeup of the school. The lack of ability in making the 
Alternative Menu unique could have been a major contribution to the lack of significant findings 
between WITS and Control schools, even at Time 0 when the WITS intervention schools have 
already switched to the Alternative Menu.  
 
5.2.2 2nd and 3rd grade students 
This study found differences in school lunch consumption patterns between students in 
2nd grade and those in 3rd grade, with older 3rd grade students eating more fruit and salad but not 
vegetable than in younger 2nd grade students. Previous research studies reviewed by Rasmussen 
et al. (2006) have been conflicted on the impact of age on fruit and vegetable consumption 
(Rasmussen et al., 2006) in children. Most studies found that there is an inverse relationship of 
age and amount of fruit and vegetable consumed. However, these studies established this 
relationship for larger span of ages than just seven to nine years of age.   
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If the increase in consumption in older children were dependent only on their overall 
increase in consumption due to increased physical growth and food needed, we would expect a 
similar significant proportional increase in vegetable consumption. However, this was not found 
in this current investigation. Perhaps since children have a preference for sweet taste (Reed & 
McDaniel, 2006), and fruits are naturally sweet-tasting while vegetables are more likely to be 
perceived as bitter-tasting (Mennella & Ventura, 2010; Petrauskiene et al., 2015), they are 
inclined to be more receptive to fruits than vegetables.    
Previous research has found that when the same number of repeated tastings were 
conducted over eight weeks with 1st, 3rd and 5th grade students, younger 1st grade students end up 
liking fruit items more than older 3rd and 5th grade students at the end of the eight weeks 
(Lakkakula et al., 2011). This effect even persisted at the end of 10 months after two additional 
tastings, with 1st grade students still liking the fruit items more so than the older 3rd grade 
students. These findings suggest that even though consumption might be low with younger 
children, with the correct targeted intervention, they could have greater increase in their fruit 
consumption. Possible future ideas could be for nutrition education sessions like WITS Bits to 
cover topics that can better motivate younger children to increase fruit consumption, such as 
highlighting how fruits are sweet and provide vitamins essential for physical growth. Focusing 
on the benefits of fruits to help them grow could better m to younger children and better direct 
intervention efforts towards yielding stronger results of increased consumption. 
 
5.2.3 Girls and boys 
This study also found differences in school lunch consumption patterns between girls and 
boys, with girls eating more fruits and salad, but not vegetables than boys. These findings are 
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similar to those found in previous research studies reviewed by Rasmussen et al. (2006), that 
consistently point to girls consuming more fruits (and/or vegetables) than boys (Rasmussen et 
al., 2006). Previous research also found that effects of 5-a-Day Power Plus program intervention 
had an interaction effect with gender, with girls consuming more vegetable than boys after the 
intervention (Perry et al., 1998). Interventions working on increasing fruit and vegetable 
consumption might thus choose to target different genders differently, particularly in boys that 
have lower consumption. Possible future ideas could be for nutrition education sessions like 
WITS Bits to cover topics that can better motivate boys to increase fruit consumption, such as 
highlighting how fruits are sweet and thirst quenching. Focusing on the benefits of fruits as a 
good snack after physical activity could better appeal to boys and better direct intervention 
efforts towards yielding stronger results of increased consumption. 
 
5.2.4 School lunch environmental factors 
One of the strongest findings was that the slicing or pre-cutting of fruits was associated 
with higher consumption of fruits. This replicated the findings from previous research by that 
found that fruit consumption increased when fruits were sliced as opposed to when served whole 
(Swanson et al., 2009; Wansink et al., 2013). Since younger children can have difficulties biting 
into and eating whole fruit, slicing and pre-cutting of fruit into smaller more chewable pieces 
increases the likelihood that children are able to eat them. However, it should be noted that since 
this study design did not involve an experimental manipulation, options were not perfectly 
matched for being both sliced and whole. Therefore, there could be a possibility that students 
could prefer fruit options that were served sliced for other inherent reasons such as the fruit being 
more sweet-tasting, more attractive in presentation, or just more well-liked in general. The same 
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reasoning might explain why having whole fruits in an attractive serving bowl was found to be 
negatively associated with fruit consumption across all students. This school lunch 
environmental factor may just be a reflection of whether the fruit option was whole or if it was 
sliced or pre-cut, and not truly about the presentation of the whole fruit.  
Having lunch scheduled after recess was also found to be positively associated with fruit 
consumption, but not vegetable consumption. As discussed before, scheduling lunch after recess 
minimizes the incentive for students to rush through lunch in order to go out for recess on time or 
even earlier (Price & Just, 2015). This decreased time pressure allows students to have more 
opportunities to eat more components and greater amounts of their school lunch. Compared to 
the previous research done that combined the outcome of fruit and vegetable consumption 
together (Bergman et al., 2004b; Fenton et al., 2015; Price & Just, 2015), the findings of this 
study was able to detangle the relationship and identify the significant association with only fruit 
consumption. With fruit being more preferred than vegetable, and also being more juicy and thus 
more thirst-quenching option (Mennella & Ventura, 2010; Petrauskiene et al., 2015), it is not 
surprising that scheduling lunch after recess would have a significant impact on fruit 
consumption, and not on vegetable consumption.  
For vegetable consumption, pre-plating of vegetables on the lunch trays was found to be 
positively associated with vegetable consumption. Across all students observed in lunch periods 
with vegetables pre-plated on their lunch trays, consumption was higher by only 0.029 cups. As 
was discussed in previous studies with similar findings, food wastage is of concern when pre-
platting food items (Just & Price, 2013; Miller et al., 2015). Without a sizeable increase in 
consumption from pre-plating of food items, the absolute total amount of food waste generated 
would be very large when schools pre-plate foods items on all lunch trays. It is also important to 
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understand the rationale of why different schools choose to pre-plate food items or not. Reasons 
to pre-plate vegetables on school lunch trays could be to save school staff time and move the 
lunch line faster, to ensure the meals served meet reimbursable criteria, or to increase the 
chances of students trying vegetables. Understanding which combination of reasons behind this 
practice could help determine if pre-plating is worth the tradeoff of plate waste. Pre-plating of 
lunch trays with vegetables for the sole purpose of increasing vegetable consumption might not 
be cost-effective, and could thus be a wasteful practice that should be eliminated.  
Since we did not independently manipulate these school lunch environmental factors, but 
observed them as they occurred, it is important to remember that correlation does not mean 
causation. It is possible that these associations exist due to some other factor that could exist. 
However, for the above factors, because previous work has tested these factors independently, 
we can conclude that our findings are congruent with that in the field.  
A puzzling finding was that the wait time before getting school lunch was found to be 
positively associated with salad consumption. This was not a function of students taking and 
eating salad while waiting to get school lunch, since students would not have had their lunch 
trays to select salad from the salad bar. Since salad selection and consumption was overall very 
low across all schools, there was a high frequency of students recorded as consuming no salad in 
this analysis, resulting in zero inflation that could have skewed the results. Future studies 
investigating effects of school lunch environmental factors on salad consumption would have to 
focus on schools that already have higher percentages of students that self-served and consumed 





This study did not randomize schools into receiving the WITS intervention program or 
not. Since WITS is a real-world wellness intervention program, the organization had an ongoing 
application and selection process. Schools applied for the WITS program on their own volition, 
and go through a lengthy process of being surveyed and screened for suitability in executing the 
program, as well as having to raise funds to cover the costs of receiving the program. The final 
number of schools selected to receive the WITS intervention was thus also limited to a small 
number. The next best solution was thus a quasi-experimental, non-randomized control trial, 
with control schools that matched with the WITS intervention schools on multiple metrics.  
This study was limited to only consumption of food from school lunch. The effect of the 
WITS intervention on food consumption did not cover students that did not take school lunch 
and only had outside food that they brought for lunch. The effect of the WITS intervention on 
food consumption was also not explored for other meals eaten in school, such as breakfast and 
after-school snacks, and also for meals that the students have outside of school and at home. 
There is the possibility that the WITS intervention could impact consumption of fruits and 
vegetables at home, since recipes were sent home to parents as part of WITS Labs.  
The focus of this study covered only the consumption of fruits and vegetables, and not 
other food items from school lunch that fall in the MyPlate food groups of grain, protein (meat or 
meat alternative), and dairy. There could be possible interaction effects of other food group items 
affecting fruit and vegetable intake. This was previously found in a study that found that pairings 
of vegetables with certain entrées with food items from the grain and protein food groups, led to 
increased plate wastage of vegetable and decreased vegetable consumption (Ishdorj et al., 2015). 
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However, it was beyond the scope of this current investigation to cover the breadth of impact 
that the WITS intervention had on all foods, which would be explored in the larger main 
evaluation study.  
Even though the school lunch menu was standardized within the intervention and control 
schools, it was not possible to control for menu items and go in to conduct data collection at 
different schools simultaneously when the same menu items were served. Menu items were in a 
cycle and we had to clear data collection for all 14 schools within a three-month period of each 
study period. With limited manpower, budget, and time, it was only possible to go in to one or 
two schools at once on the same day. It was assumed that with three days of sampling for each 
time period for each school that the variability across all schools would be evened out.    
The effect of seasonality and temperature on food consumption is a possibility that was 
not investigated in this study. There are some differences in school lunch menu items over the 
duration of the school year, which could affect students’ consumption of fruits and vegetables. 
There is also some evidence to suggest that differing temperatures and weather patterns over the 
duration of the school year could have an impact on food consumption (Locke et al., 2009; Ma et 
al., 2006; Tani et al., 2015). It should be noted that these prior research studies were not 
conducted in the same population of school-aged children in an urban setting in the US, and the 
differences found in consumption across seasons were either only minutely different or affected 
more due to food availability across seasons. Even though seasonality effects should be a 
consideration when analyzing and interpreting food consumption data, it was unlikely to have 
played a significant role in this current investigation. Data from Time 0 and Time 1 did not cross 
into the coldest New York winter months of December to February. Additionally, data was 
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collected for matched Control schools within the same time periods, and comparisons contained 
within each study time period. 
Data of food consumption was based on observation of percentage of one standard 
serving eaten. There was no weighing of food trays and the portions that were served, and so it 
was assumed that SchoolFood staff members followed regulations and served one standard 
serving of 0.5 cups for elementary school students. There is a potential confounder of varying 
serving size across SchoolFood staff members from different schools, and even day-to-day 
variations within the same SchoolFood staff members. Within the nutrition field, the definition 
of one standard serving size is not consistent across guidelines and nations, and differs for 
different fruit and vegetable items (Agudo, 2005). There was thus no consistent systematic 
definition of one standard serving, and the definition outlined in this study, as is used by 
SchoolFood, is based on volume, and not nutrient density of the fruit or vegetable item.  
This study used an observation protocol that recorded consumption in 25%-increment 
with the addition of a 10% level for bite. This is considered sensitive compared to some other 
studies that utilized methods that recorded only with 50%-increments of consumption. However, 
this might still not be sensitive enough for very minute changes. Other methods such as digital 
photography could allow coding of consumption data in 10%-increments with high accuracy and 
reliability, and weight measurement is the gold standard with high precision. An additional 
consideration was that even though the inter-rater reliability for the SOCAFE instrument was 
high (exact match for school food items amounts eaten was 83.1% at Time 1; see Table 3.1), it 
might not have been high enough. Impact of the intervention on the outcomes could thus have 
been lost in the noise of the data due to the variability of the data collected by different SOCAFE 
observers.  
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Another limitation in the method of this current investigation was that there was no 
assessment of the inter-rater reliability for the Lunch PIECES instrument. Due to limited 
resources and the smaller focus on evaluating school lunch processes and cafeteria environment 
in the main evaluation study, there were limited staff members to afford for pairing off for 
testing of inter-rater reliability. It should be acknowledged that there was a possibility that 
different data collectors could rate these items differently. However, many of the items on the 
instrument are easily observable binary Yes-No outcomes that were scored on a clear rubric, and 
thus the possibility for drastic errors were likely minimal.  
At the start of the school year in Fall 2015, WITS intervention schools have all started on 
the WITS alternative menu and have a WITS Chef and WITS Coach working in them. Data 
collected at Time 0 study period thus reflect the start of some aspects of the intervention 
program, and not purely before the implementation of any programming. However, as indicated 
by the Time 0 comparisons, this early implementation of the WITS intervention programming in 
the WITS intervention schools did not lead to any significant differences from Control schools in 




This study utilized a quasi-experimental design, and included control schools matched on 
various key aspects to the intervention schools. This study was also a longitudinal study, 
assessing long-term outcomes of a real-world intervention program. The total sample of 14 
schools in this study is much larger than what is found in many other studies, which usually have 
fewer than 10 schools, often times with only one or two schools (Bergman et al., 2004a; 
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Bergman et al., 2004b; Elsbernd et al., 2016; Hakim & Meissen, 2013; Hanks et al., 2014; Just et 
al., 2014; Lakkakula et al., 2011; Liquori et al., 1998; Miller et al., 2015; Swanson et al., 2009; 
Zellner & Cobuzzi, 2017). This study also collected three days of data for each school during 
each time period, with a total of about 90 student-day observations per school. This is in contrast 
with many other studies that only collected one or two days of data (Adams et al., 2016; Adams 
et al., 2005; Caraher et al., 2013; Jarpe-Ratner et al., 2016; Just et al., 2014; Liquori et al., 1998; 
Miller et al., 2015; Perry et al., 1998; Quinn et al., 2003; Swanson et al., 2009; Wansink & 
Hanks, 2013; Wansink et al., 2013; Zellner & Cobuzzi, 2017). Together, the larger number of 
sample of schools, and the more frequent number of days of data collection, provide data and 
findings that are more representative and accurate.  
Adding to the strength of the study methods in providing more accurate data is the use of 
observation of food consumption. Using observations in a study sample of children is more 
advantageous than traditional food consumption collection method of food diaries or recall, since 
it is not reliant on inaccurate reports by children. Observations also provide an edge over the use 
of digital photography or weighing of plate waste in its ability to capture trades and repeated 
selection of vegetable items from a self-serve salad bar through a lunch period. This is especially 
important for studies focusing on fruit and vegetable consumption, particularly with nutrition and 
wellness interventions that have increasing selection from self-serve salad bars as a target 
behavior goal. The observation protocol used in this study also provides more sensitivity than 
that used in some other studies that utilized larger increments (50% as opposed to 25%) of 
consumption, even though it might still not be sensitive enough for very minute changes.  
 This study also evaluated various school lunch environmental factors simultaneously to 
determine the strength of each factors’ impact on fruit and vegetable consumption. Many other 
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studies in the literature are limited in that they assess the correlation of school lunch 
environmental factors with fruit and vegetable consumption, but only one or two at a time. These 
studies also have study design aspects that limit the strength of their conclusions, or have low 
number of schools sampled that limit the generalizability of the results. This study combined 
analysis of various school lunch environmental factors simultaneously, and thus allowed for 
identifying the key significant factors that impact the consumption of fruits, vegetables, and 




The findings from this study indicate that after the one-year implementation of the WITS 
intervention in the real world, there was not a significant change in consumption of fruits, 
vegetables, and salad bar items. Results from this current investigation were presented as 
adjusted means, which could be difficult for interpretation. The unadjusted mean amount of food 
consumed, and unadjusted mean percentage of students with any food on tray and any food 
consumed for WITS and Control schools at Time 0 and Time 1, was analyzed as part of the main 
evaluation study conducted by the Tisch Food Center (Appendix 5.1 and 5.2).  
A review of the unadjusted mean values for WITS schools at Time 1 shows that across all 
students, the mean amount of fruit consumed was 0.205 cups, the mean amount of vegetable 
consumed was only 0.076 cups, and the mean amount of salad consumed was 0.029 cups. 
Combining vegetable and salad amounts together and extrapolating these values from one school 
lunch to three meals a day, we would get only about 0.62 cups of fruit consumed, and about 0.32 
cups of vegetables (including salad) consumed. These values are close but lower than the mean 
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daily total consumption of whole fruit (excluding 100% fruit juice) 0.8 cups, and mean daily 
total consumption of vegetable (including beans and peas but excluding white potatoes) of about 
0.5 cups, in children of both genders between 4 to 8 years of age (National Cancer Institute, 
2015). Perhaps consumption of fruits and vegetables outside of school is proportionally higher 
and so school lunch values cannot be extrapolated for meals out of school. Another possibility is 
that what we are detecting is the lower amounts of fruit and vegetables consumed in a low-
income high-minority urban school setting, which differs from the national average, even after a 
one-year intervention.  
The findings from this current investigation might also indicate that the WITS 
programming does not impact fruit and vegetable consumption, but it should be noted that it is 
not easy to impact positive long-term behavioral changes to increase consumption of fruits and 
vegetables in children. It might also be that such school-based interventions might need a longer 
time for positive outcomes to manifest. The current investigation covered data over the duration 
of one school year, and not a calendar year, from the middle of September 2015 to the middle of 
June 2016. This is a period of 9 months, which might not be sufficient for real-world 
programming to fully take shape, especially since there could be a steep learning curve at the 
start on staff from both WITS and the school administration to collaborate and execute the 
intervention program in its fullest capacity. Longer interventions and follow-up periods in 
evaluation studies are thus needed. The larger main evaluation study conducted by the Tisch 
Food Center would explore the impact of the WITS programming over a longer duration of two 
school years. Future studies evaluating the WITS programming could also focus not just on 
whether students’ fruit and vegetable consumption was increased, but whether the overall quality 
of their consumed lunch meal, or even long-term diet, was better.  
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With the possibility that the WITS programming might not have been ideally executed in 
full due to real-world limitations, more could be done with an internal or external process 
evaluation. A review of the level of implementation of all the components of the WITS 
programming would allow for improvements in the execution of the programming. At the same 
time improvements could also be made to fine-tune the WITS programming and structure.  
With the results from this current investigation and the main evaluation study conducted 
by the Tisch Food Center, WITS would need to identify which areas they are doing right and 
which they have to improve on. There is a need to take a step back and review if the various 
WITS program components are supported by theory and the literature. If there is to be a renewed 
effort to work on the difficult task of increasing fruit and vegetable consumption, priority should 
be given to program components that work towards that goal, and additions of new program 
components might also be necessary. In refining or developing new program components, testing 
on a smaller scale either in a lab-based setting or just one school should be done before 
committing to being scaled up across all the WITS schools.  
Current WITS program components that seem to work should also be improved on in 
execution or scope. More emphasis on the Chefs’ presence in the cafeteria might be needed to 
increase their interaction with the students during meal times to get them to try and taste the 
menu items, particularly the fruit and vegetable items, and salad from the self-serve salad bar. 
Additionally, the number of WITS Labs sessions might have to be increased to focus on a greater 
variety of vegetable items and to include covering fruit items. WITS Bits sessions should also be 
upgraded from being an optional component to a more structured series of nutrition education 
sessions. WITS Bits sessions could also be tailored for different grades and genders to better 
appeal to the different groups of students. Continuous process and outcome evaluations should 
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be conducted to assess if the program components are carried out and if goal milestones are 
completed.  
There are many intervention programs similar to WITS being carried out in New York 
City and around the US. More high-quality evaluation studies are needed to assess their long-
term impact and success to determine if they are effective in impacting change in fruit and 
vegetable consumption. In order to accurately assess the isolated impact from these intervention 
programs, these future evaluation studies should aim to utilize a randomized control trial study 
design with a large sample of schools. Studies should also examine the long-term longitudinal 
effects of these intervention programs, since there is the possibility that exposure to these 
programs when young lead to manifestation of positive behaviors and outcomes only later in life. 
These studies could either follow children through adulthood, or retroactively review in adults 
the intervention programs that they have been exposed to.  
The findings from this study also indicate that some school lunch environmental factors 
could have strong influences on the consumption of fruits, vegetables, and salad bar items. 
Interventions working on increasing fruit and vegetable consumption could thus consider 
incorporating steps to manipulate these factors to improve the impact of their programming. At 
the same time, school administration teams could also be the ones that make these changes in 
their schools, without relying on external intervention programming. Some of these changes 
could be simple and within their domain to execute, and could lead to measurable improvements 
in school lunch consumption of fruits, vegetables, and salad bar items without the need to invest 
too much additional costs.  
Schools are good locations to carry out interventions that target increasing fruit and 
vegetable consumption in children. They can have great success by working on increasing 
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familiarity and preference of fruits and vegetables (Domel et al., 1993b; Lakkakula et al., 2011; 
Liquori et al., 1998; Perry et al., 1998; Quinn et al., 2003), and also by increasing accessibility of 
fruits and vegetables in schools (Cullen et al., 2003; Olsho et al., 2015). However, as part of a 
multi-prong approach, solutions to increasing fruit and vegetable consumption in children should 
also expand beyond school-based interventions. Since school-aged children also spend a 
significant amount of time and consume about half their calories at home, targeting parents and 
increasing accessibility to fruits and vegetables at home should be carried out simultaneously to 
achieve maximum effect. Cost of fruits and vegetables is a barrier that limits access that children 
in low-income families have to fruits and vegetables (Cassady et al., 2007). Promising solutions 
include price interventions that help decrease cost, thus successfully drive up purchasing and 
consumption of fruits and vegetables (Brimblecombe et al., 2017; Geliebter et al., 2013; Toft et 
al., 2017; Waterlander et al., 2013).  
 
5.6 Conclusion  
 
Successfully impacting fruit and vegetable consumption with a real-world intervention 
program can be difficult. Accurately measuring and testing the impact of these intervention 
programs in the real world is also complicated. There are many intervention programs targeted at 
increasing fruit and vegetable consumption but little is known of their long-term impact and 
success. The current investigation found no evidence that one year of the WITS intervention 
programming was successful in increasing consumption of fruits, vegetables, and salad bar 
items.  
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In an ideal world, better execution of the intervention coupled with a stronger study 
design keeping factors constant or controlling for all possible influencing factors could have 
more accurately assessed the true isolated impact of the WITS intervention. However, the current 
investigation presents an accurate reflection of the realities of intervention execution and their 
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* teachers at control schools took SOREADY a second time as part of test-retest reliability testing
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1 same day as SOCAFE
Wellness in the Schools: Evaluation Timeline
Data Collection Instruments
This section has a description, details on baseline data collection and data analysis for each 
instrument.
System of Observational Cafeteria Assessment of Foods Eaten (SOCAFE)
Description: SOCAFE is an observational instrument adapted from other research (Ball et al., 
2007; Paxton et al., 2011). The instrument was customized for this study to focus on the assessment 
of food intake of a standardized school lunch menu with fixed food groups: vegetable, fruit, grain, 
protein, milk, salad bar, and water from the water jet. The instrument records amount consumed 
based on the standard amount served. There are seven options the observer could record: none/0%, 
bite/10%, 25%, 50%, 75%, all/100%, more than 100%. For salad, in which students serve themselves 
and there is no standard portion size, amount of salad taken and eaten is recorded in cups.
The form is set up for each data collector to observe up to 4 students at a time. The study protocol 
calls for different tables and different sections of the tables to be sampled to get different students 
over the three days of data collection within each study time period. See Appendix C for the 
SOCAFE observation form and data collection protocol.
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Observations of what students 
eat at school lunch
- percentage of students with each 
school lunch component (fruit, 
vegetable, protein, grain, milk, water, 
salad bar) on tray
- percentage of students who have 
at least a bite of each school lunch 
component
- amount of each school lunch 
component consumed
SOPLAY
Observations of physical activity 
level and type at recess:
- counts of students who are 
sedentary, walking or vigorous
- percentage of students involved in 
recess activity types
SOPEER








with students to 
measure
- enjoyment of lunch 
and recess
- liking of food at 
lunch and activities 
at recess
-	 benefits	of	healthy	
eating and physical 
activity
- barriers to healthy 
eating and physical 
activity
- social norms about 







 SOCAFE = System of Observational Cafeteria Assessment of Foods Eaten
 SOPLAY = System for Observing Play and Leisure Activities in Youth; SOPEER = System for Observing Peer Engagement Episodes at Recess
 SOREADY = Survey of Readiness, Engagement and Disruption in Youth
 PIECES = Process Implementation Evaluation and Contextual Environment of Schools
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Coach  
for Kids
PIECES (Lunch, Recess, Policy): Observations and questions about school environment and context
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● Brooklyn Baked Beans

























● Sofrito Black Beans
● Fresh NY State Apple
Pizza






























● Black Bean Salad
23 24 25 Thanksgiving Recess   26 Thanksgiving Recess   27


























EVERY THURSDAY WE'RE 
PROUDLY CELEBRATING
● LOCALLY SOURCED
& PRODUCED FOOD 
NOVEMBER 2015: K-8 Lunch Menu
Offered Daily: Milk (1% low fat, fat free & fat free chocolate), Fresh Fruit, Canned Fruit, PB&J, and Cheese Sandwiches
Flavor Station Provided on Pizza & Pasta Days: Granulated Garlic, Red Pepper Flakes, Parmesan Cheese, Oregano
Dipping Sauces-IND: Asian Sesame, Blue Cheese, BBQ, Caesar, Chipotle Ranch, Honey Mustard, Ranch
Condiments: Ketchup, Mustard, Mayonnaise, Thai Chili Sauce, Hot Sauce
Dressings: Asian Sesame, Balsamic, Blue Cheese, Caesar, Chipotle Ranch, Ranch, French, Honey Mustard, Lite Italian
K-8 Lunch Menu
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Monday Tuesday Wednesday Thursday Friday
2 Election Day           3 4 New York Thursday    5 6
Cheese Stuffed Shells
Herbed Marinara Sauce





with Deluxe Toppings 
Cookie Treat
Eat Your Colors








Penne with Garlic & Herbs
Eat Your Colors
Roasted Zucchini

























● Sofrito Black Beans





















Spicy Black Bean Burrito
Eat Your Colors
Sliced Cucumbers
with Ranch Dipping Sauce
Chicken Cacciatore
Baked Penne










































● Toasty Bread Stick
Eat Your Colors
Super Hero Spinach
EVERY THURSDAY WE'RE 
PROUDLY CELEBRATING
● LOCALLY SOURCED
& PRODUCED FOOD 
NOVEMBER 2015: K-8 Alternative Lunch Menu
Offered Daily: Milk (1% low fat, fat free & fat free chocolate), Fresh Fruit, Canned Fruit, PB&J, and Cheese Sandwiches
Flavor Station: Granulated Garlic, Red Pepper Flakes, Parmesan Cheese, Oregano
Dipping Sauces-IND: Asian Sesame, BBQ, Caesar, Chipotle Ranch, Honey Mustard, Ranch
Condiments: Ketchup, Mustard, Mayonnaise, Thai Chili Sauce, Hot Sauce
Dressings: Asian Sesame, Balsamic, Caesar, Chipotle Ranch, Ranch, French, Honey Mustard, Lite Italian
K to 8 Alternative Lunch Menu
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(System for Observational Cafeteria Assessments of Foods Eaten)  
Observer: ______________! School: ______________ Start Time: _______:_______ 
 
Date: _____/_____/______ Grade: ______________ End Time: _______:_______ !
SOCAFE v.20160301 IRR:  N   Y _______   Data Entered By: ___________ Date: _____/_____/______ 
B   G Item N Y 2 0 .1 .25 .5 .75 1 >1 
Grain A            
Pro A1            
Pro A2            
Grain B            
Pro B1            
Pro B2            
Fruit 1            
Fruit 2            
Veg 1            
Veg 2            
            
            
            
Water    0 Some 1 >1 
Milk                FF   1%   C         
Salad     No      S    M    L  N Y 2 0 .1 .25 .5 .75 1  
 Lettuce           
 Carrot           
 Tomato           
 Pepper           
 Cucumber           
            
            
            
            










B   G Item N Y 2 0 .1 .25 .5 .75 1 >1 
Grain A            
Pro A1            
Pro A2            
Grain B            
Pro B1            
Pro B2            
Fruit 1            
Fruit 2            
Veg 1            
Veg 2            
            
            
            
Water    0 Some 1 >1 
Milk                FF   1%   C         
Salad     No      S    M    L  N Y 2 0 .1 .25 .5 .75 1  
 Lettuce           
 Carrot           
 Tomato           
 Pepper           
 Cucumber           
            
            
            
            










B   G Item N Y 2 0 .1 .25 .5 .75 1 >1 
Grain A            
Pro A1            
Pro A2            
Grain B            
Pro B1            
Pro B2            
Fruit 1            
Fruit 2            
Veg 1            
Veg 2            
            
            
            
Water    0 Some 1 >1 
Milk                FF   1%   C         
Salad     No      S    M    L  N Y 2 0 .1 .25 .5 .75 1  
 Lettuce           
 Carrot           
 Tomato           
 Pepper           
 Cucumber           
            
            
            
            










B   G Item N Y 2 0 .1 .25 .5 .75 1 >1 
Grain A            
Pro A1            
Pro A2            
Grain B            
Pro B1            
Pro B2            
Fruit 1            
Fruit 2            
Veg 1            
Veg 2            
            
            
            
Water    0 Some 1 >1 
Milk                FF   1%   C         
Salad     No      S    M    L  N Y 2 0 .1 .25 .5 .75 1  
 Lettuce           
 Carrot           
 Tomato           
 Pepper           
 Cucumber           
            
            
            
            





























SOCAFE Salad Size Guide 
SOCAFE Salad Size Guide 20160226 
LETTUCE  CORN 



























   
BABY CARROTS  CARROT  (SLICES) 




























 CELERY (STRIPS) 















SOCAFE Salad Size Guide 
SOCAFE Salad Size Guide 20160226 
PEPPERS  (STRIPS)  CUCUMBER (SLICES) 







































   
TOMATO (WEDGES)  GRAPE TOMATO 












































(SOCAFE Food Options Of the Day Served) 
 
Recorded by: ________________ School: _____________ Grade: _____________ 
  
Date: ______/________/________ Time: ______:________ 
 
SOCAFE FOODS v.20150929 1 




Menu A B U 
 Grain A        
Pro A1        
Pro A2        
 Grain B        
Pro B1        
Pro B2        
 Fruit 1        
 Fruit 2        
 Veg 1        
 Veg 2        
 Grain C        
Pro C1        
Pro C2        
 Fruit 3        
 Veg 3        
 Grain D        
Pro D1        
Pro D2        
 Fruit 4        
         
         
         
         
         
 Milk Plain fat-free/skim milk       
Plain 1% milk       
Chocolate fat-free milk       
 Salad 
 
Lettuce       
Carrot       
Tomato       
Pepper       
Cucumber       
       
       
       
       
       
 Salad 
Dressing 
       
       
       
       






(SOCAFE Food Options Of the Day Served) 
 
Recorded by: ________________ School: _____________ Grade: _____________ 
  
Date: ______/________/________ Time: ______:________ 
 
SOCAFE FOODS v.20150929 2 
 
Data Collectors Present: 
1.  5. 
2.  6. 
3.  7. 
4. 8. 
 







































Appendix 3.8 SOCAFE Data Collector Protocol 
 
B   G Item N Y 2 0 .1 .25 .5 .75 1 >1 
Grain A Manicotti  ü   • • ü    
Pro A1 Cheese  ü    • • • ü  
Pro A2            
Grain B WW Bread ü          
Pro B1 PB & J ü          
Pro B2 Cheese ü          
Fruit 1 Apple ü          
Fruit 2 Peach Fruit   ü ü  • • • • • ü 
Veg 1 Broccoli  ü   ü      
Veg 2            
Grain C Crackers  3   • • ü    
            
            
Water  ü  0 Some 1 >1 
Milk                FF   1%   C   ü   ü   
Salad     No      S    M    L  N Y 2 0 .1 .25 .5 .75 1  
 Lettuce  ü   • ü     
 Carrot ü          
2 slices Tomato     ü    • • • ü  
 Pepper           
 Cucumber ü          
 Corn  ü    ü     
            
            
            
Home Food Notes 







Took 2nd fruit cup from friend – ate 200%.  
Ate 2 of 3 crackers.  
 
You will use the SOCAFE Recording Sheet for all data collection, with the following 
detailed steps:  
1. Fill in your name, school, grade, and date. 
2. Prefill all the options hot lunch into the “Item” columns in the SOCAFE 
Recording Sheet for quick reference. Prefill any options of salad bar available 
not in sheet. If any prefilled salad bar option is not available, cross it out. 
3. When observation starts, write down the start time. 
4. Shade the position of students that you will be assessing as they sit down. In 
the space below, write down any unique characteristics about the student that 
can help you identify and remember that student, especially when they move 
positions. 
5. Circle “B” if the student is a boy, and “G” if the student is a girl.  
6. For grain, protein, fruit, vegetable, water, milk, and salad, tick “N” if they did 
not take that item option, or tick “Y” if they took that item option. Tick “2” if 
the student took a 2nd serving of a food item.  
7. For milk, circle the type of milk selected: “FF” for plain fat free milk, “1%” for 





8. For salad, if they did take salad, circle the overall portion size of all the salad 
taken: “small” would be less than ½ cup, at about ¼ cup, “medium” would be 
½ cup, “large” would be more than ½ cup, at about ¾ cup or more. Refer to 
the SOCAFE Salad Size Guide for more details and visual comparisons. 
Identify the various ingredients selected from the salad bar, and tick “Y” if they 
took that option.  
9. As the student is eating, use your pencil to put a dot in the corresponding box 
of the portion eaten that the student has progressed to. This is important to 
keep track of where the student left off in eating a food item. When the 
student has stopped eating, rate the amount of food eaten from the food left 
on the tray and tick the portion eaten. When the student is clearly done, such 
as putting trash on the tray or clearing out the tray, circle the final ticks.  
10. The rating of the amount eaten should always be rounded down; do not mark 
off a portion unless they have hit at least that amount (i.e. 45% is still only 25%, 
and not 50%). The only exception is when a student has taken a bite (10%), 
they would be rated as eaten 10% even though it is not exactly 10% yet. 
Please note that more than a bite is still 10% unless it is a quarter or more of 
the portion.    
11. The portion is rated as 100% even when a food item is not completely gone 
when it is clear that the student has attempted to finish the food item (e.g. 
remnant leaves, breading or sauce that are hard to scrape off).  
12. If the student did take a 2nd serving of a food, note what the total amount of 
that food eaten was. If the student ate the 2nd serving and ate more than a 
standard second serving, tick “>1”. If the student ate the 2nd serving before 
the first serving is completed, treat the percentage as what was eaten in total 
as a % out of a standard full 1 serving (with maximum at 100%).  
13. For milk, tick “0” if they did not open to drink the milk, “Some” if they drank 
some of the milk, “1” if they drank all the milk (tilted completely upwards), “>1” 
if they drank a second carton of milk (total volume drank more than 1 carton). 
14. For salad, when they have finished eating, circle the final amount of the total 
overall salad that was consumed. Note that this is not simply an average of all 
your salad item percentages, since there might have been very little of some 
items to start that made up the overall salad size.  
15. If the student brought food from home, write down the food from home and 
the portion size if possible.  
16. Write down any notes that can provide additional information, such as trading 
or food dropped/spilled. 
17. When observation ends, write down the end time.   
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Tips: 
• Since it is harder to try to check off all the foods on the tray as the students sit 
down, it is easier at the start to check off foods that the students start eating first 
(or have taken a bite of), before completing checking off the foods on their trays. 
• For items like salad items, or even meats/pasta, it is best to try as much as 
possible to count off how many slices/wedges/chunks at the start and write that 
down, to get the most accurate estimation of portion eaten. 
• PB&J or cheese sandwiches are usually of a standard size of 2 triangles and so 
less attention is needed to focus on that being eaten since the leftover size is 
usually the easiest to use to judge the amount that was eaten. 
• When you have passed the initial more intense stage of noting down all the 
foods on the tray, and you know a student has not taken even a bite of a food 
item, you should put a dot in the “0” column, just so there is not a blank and 
you know you did not miss observing none of the food eaten after the end of 
session. This can also be helpful for milk that was opened (usually by lunch aids) 




• 1 bag of apple slices = 5-6 thick wedges or 10-12 thin slices 
• 1 bag of baby carrots = 10-12 baby carrots (thick) or 12-16 baby carrots (thin) = 
Medium salad 
• Biting and spitting out a food = 10% 
• Dipping other food items in the sauce of beans/chickpeas = 10% 
• All the skin of chicken on the bone eaten = 25% 




During observations, make sure to: 
• Place your clipboard close to your body so the SOCAFE Recording Sheet is kept 
out of view of staff/students passing by.  
• Stand near the students where there is a good view but where you are out of 
traffic.  
• Walk around to get different views. 
• Use peripheral vision and only gaze in the general direction of the students and 
not stare at or hover over any one student. 
• Keep a straight neutral face (not smiling, but not mean-looking either)  
 
If a student says hi or smiles at you, the best way to stop further interaction is to keep a 
neutral face, not smile back, give a slight nod of acknowledgement, and look away or 
walk away.  
 
If a student asks you what you are doing, reply with the following:  
“We are learning about school cafeterias.”  
“Please try to ignore us. Go on doing what you usually do.” 
 
If a student continues to probe or ask questions, reply with the following:  
“Sorry, but I am busy right now. I can answer your questions later.”  
 
If a student asks for help, reply with the following:  
“Sorry, but I am busy right now. You can ask a friend or a lunch aid for 
help.” 
 
If a lunch aid asks for help, reply with the following:  
“Sorry, but I am busy with a task right now. Perhaps you can ask a 
teacher or another school lunch aid for help.” 
 
If a school lunch staff, lunch aid or teacher asks what you are doing, reply with the 
following:  
“We are here learning about school lunch. We are working with Wellness In The 
Schools to learn about their program. ” 
 
When being probed by a student, walking away from the student after giving them a 





Distress: If a student notices that they are being observed and requests for you to stop 
observing him/her, you should stop observation immediately and leave the area. 
Should there be any distress due to our presence even when we are not conducting 
observations, stop all observations immediately and leave the cafeteria vicinity. If 
distress continues, or if distress is occurring not due to our presence, school staff on 
site will be capable and fully equipped to handle the situation and provide referrals as 
appropriate. If you are the only adult around that can best respond to a distress, 
especially in the case of an emergency involving student safety, step in and help if you 




• Do not impose on students or school  
− Schools are doing us a huge favor accommodating us  
• Establish and maintain positive rapport   
− Be friendly  
• Be respectful of school food staff and school food  
− School food staff will be conscious of and even weary of our presence  
• Dress appropriately – Business casual is the more appropriate 
− Think of how teachers dress and do not underdress or overdress 
− Try to wear neutral colors and outfits that don’t draw attention to you 
− Tie long hair back 
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Data Entry: Within 48 hours of completing each observation, the data collectors will 
enter all data on the form into the project database via Google Forms. The SOCAFE 
Recording Sheets should be submitted after Google Form entry within the week. The 
link to the Google Form will be sent out at the start of each data collection period and 
can be used repeatedly for multiple entries. The link for Spring 2016 data is: 
http://goo.gl/forms/pPKpvjgZuu 
 
For each student observed, one full Google Form entry is required. The first page of 
the Google Form would ask for the information from the top of your SOCAFE 
Recording Sheet about the details of this particular observation session. If you don’t 
have the start or end times recorded, give your best estimation. You will select the 
position and gender of this particular student that you are entering the data for.  
 
 
For menu foods taken and amount eaten, the actual food item names do not need to 
be entered, but have corresponding food group categories listed that is printed like 
those on the SOCAFE Recording Sheet. To enter the data of foods taken and eaten, 
select the corresponding radio buttons that are the same options as those on the 
SOCAFE Recording Sheet.  
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For foods taken, should a food item not be an option available that day, select “Not 
An Option” (instead of “No”). For food amount eaten, if a food item was not an option 
available that day, or the student did not select that item, select “Not An Option / Not 
Taken” (instead of “0”). This means that “0” should only be selected for the portion of 
foods eaten only when a student did take a food on their tray (“Yes” for food taken) 
but did not eat any of it. A quick check would be that the number of “Yes” or ”2nd” in 
the food taken section should be the same as the number with portion responses of 
“0” to “>1” in the food eaten section (4 each in the example below). If you have any 
missing information that you did not record, select the radio button for “Missing Data”. 




The Google Form pages of amount of milk, salad bar items, and home food will only 







For milk, 2 different pages will load depending on whether there was a second portion 




For salad bar items, make sure to distinguish between the items that were not offered 
(select “Not An Option”) vs. the items that were offered but not selected by the 







For salad items amount eaten, like for menu food before, if a salad item was not an 
option available that day, or the student did not select that item, select “Not An 
Option / Not Taken” (instead of “0”). This means that “0” should only be selected for 
the portion of foods eaten only when a student did take that salad item on their tray 
(“Yes” for salad item taken above) but did not eat any of it. 
  
 187 
If additional menu food items were offered and possible options (there is Grain C/D, 
Pro C/D, Fruit 3/4, Veg 3/4, and/or Treat 1), you should answer yes for this question 
even if the student did not take that option.  
 
 
On the following page, make sure to again distinguish between the items that were not 
offered (select “Not An Option”) vs. the items that were offered but not taken by the 




If there are any home foods, enter each item on a separate line, and in the following 
format:  
[Brand] [Food Type] [Amount] – [Percentage consumed] 
 
 
On the notes page, enter any notes that you have recorded. . 
 
 
If you were also paired off with another data collector for inter-rater reliability checking, 






Inter-Rater Reliability: The Inter-Rater Reliability, or IRR, will be conducted during the 
Pilot Study and Training sessions for the data collectors. IRR should be done in pairs of 




For each subject, you have to complete sections A to E and record the number of data 
responses that are matching in agreement. Any discrepancies found should be noted, 
with the data responses from each data collector listed. To calculate the percentage of 
agreement, you would divide the number of matched data responses by the maximum 
number of items possible for that section category. If there is any missing data, the 
corresponding data response should automatically be considered as not in agreement. 
 
 
SOCAFE IRR v.20160302 
SOCAFE Inter-Rater Reliability 
IRR Completed by: _______ & _______        Date of IRR: _______/_______/_______        School: _______  
Checklist Completed by: _______        Date Checklist Complete: _______/_______/_______  
Check as it applies:    ! Practice/Training       ! Pilot Data Collection       ! Main Study Data Collection 
Subject 1 # Agreement Discrepancies % Agreement 
A. Subject gender & position on table   
 
% 
B. School food items taken   
 
% 
C. School food items amounts eaten   
 
% 
D. Milk type & salad size   
 
% 




Subject 2 # Agreement Discrepancies % Agreement 
A. Subject gender & position on table   
 
% 
B. School food items taken   
 
% 
C. School food items amounts eaten   
 
% 
D. Milk type & salad size   
 
% 




Subject 3 # Agreement Discrepancies % Agreement 
A. Subject gender & position on table   
 
% 
B. School food items taken   
 
% 
C. School food items amounts eaten   
 
% 
D. Milk type & salad size   
 
% 




Subject 4 # Agreement Discrepancies % Agreement 
A. Subject gender & position on table   
 
% 
B. School food items taken   
 
% 
C. School food items amounts eaten   
 
% 
D. Milk type & salad size   
 
% 




% Agreement Subject 1 Subject 2 Subject 3 Subject 4 Mean 
A % % % % % 
B % % % % % 
C % % % % % 
D % % % % % 
E % % % % % 
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Subject 1 # Agreement Discrepancies % Agreement 
A. Subject gender & position on table 2/2   100     % 
B. School food items taken 5/5   100     % 
C. School food items amounts eaten 4/5 Veg 2: IA – 0%, RT – 25%  80     % 
D. Milk type & salad size 1/2 Salad size: IA – S, RT – M 50     % 
E. Home food items brought 0/0   NA     % 
 
For section A, there is a maximum of 2 data responses, and so the percentage of 
agreement is calculated with the number of matched data responses divided by 2.  
 
For section B, there is no set maximum number of items a subject can take. Therefore, 
the number of items that is higher between the two data collectors should be used 
when calculating the percentage of agreement. Second servings are counted as an 
additional unique item to be matched on (i.e. If Observer 1 noted 2 servings of Fruit 1 
taken, and Observer 2 noted only 1 serving of Fruit 2 taken, the match would be 1 out 
of 2). The exception to this rule is water taken from water jet.  
 
For section C, the responses are linked to those in section B, and so the number of 
items that is higher between the two data collectors should be used when calculating 
the percentage of agreement. If there were any discrepancies in section B, the 
corresponding data response for this section should automatically be considered as not 
in agreement. Responses of adjacent categories of portion eaten are considered a 
match agreement (i.e. If Observer 1 noted 0% eaten, and Observer 2 noted 10% eaten, 
it is still considered a match). Unlike for section B, the amount eaten for the second 
serving is not counted an additional unique item to be matched on, since there is a 
“>1” portion eaten category to be checked off. Water does not have portion drank to 
be matched on.  
 
For section D, there is also a maximum of 2 data responses, and so the percentage of 
agreement is calculated with the number of matched data responses divided by 2.  
 
For section E, there is again no set maximum number of items a subject can take. 
Therefore, the number of items that is higher between the two data collectors should 
be used when calculating the percentage of agreement. Note that even if a student 
was not the actual person that brought that food item from home, if they ate an item 
not from school lunch that was food brought from home by another student that was 
shared with them, that is still to be counted as a unique item to be matched on. 
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% Agreement Subject 1 Subject 2 Subject 3 Subject 4 Mean 
A 100     % 100     % 100     % 100     % 100     % 
B 100     % 100     % 80     % 100     %   95     % 
C 80     % 100     % 80     % 100     % 90     % 
D 50     % 100     % 100     % 100     % 87.5     % 
E NA    % 100     % 75     % 100     % 91.6     % 
 
After calculating all the percentages of agreement for each of the 4 subjects, the 
percentages should be transferred from each subject’s table into the final table at the 
bottom of the form. You should then calculate the mean percentage across all 4 
subjects for each section A to E, along each row.  
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SOCAFE IRR v.20160302 
SOCAFE Inter-Rater Reliability 
IRR Completed by: _______ & _______        Date of IRR: _______/_______/_______        School: _______  
Checklist Completed by: _______        Date Checklist Complete: _______/_______/_______  
Check as it applies:    ! Practice/Training       ! Pilot Data Collection       ! Main Study Data Collection 
Subject 1 # Agreement Discrepancies % Agreement 
A. Subject gender & position on table   
 
% 
B. School food items taken   
 
% 
C. School food items amounts eaten   
 
% 
D. Milk type & salad size   
 
% 




Subject 2 # Agreement Discrepancies % Agreement 
A. Subject gender & position on table   
 
% 
B. School food items taken   
 
% 
C. School food items amounts eaten   
 
% 
D. Milk type & salad size   
 
% 




Subject 3 # Agreement Discrepancies % Agreement 
A. Subject gender & position on table   
 
% 
B. School food items taken   
 
% 
C. School food items amounts eaten   
 
% 
D. Milk type & salad size   
 
% 




Subject 4 # Agreement Discrepancies % Agreement 
A. Subject gender & position on table   
 
% 
B. School food items taken   
 
% 
C. School food items amounts eaten   
 
% 
D. Milk type & salad size   
 
% 




% Agreement Subject 1 Subject 2 Subject 3 Subject 4 Mean 
A % % % % % 
B % % % % % 
C % % % % % 
D % % % % % 
E % % % % % 
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Appendix 3.10 Sample SOCAFE Training Schedule 
 
Training Day 1 
 
Time: 9:00 – 3:00 (6.0 hours) 
Location: Tisch Food Center Conference Room, Teachers College 
 
9:00 – 9:15 Welcome + Introductions / Icebreakers  
- Name, program, previous research experience 
- What made you sign on to this project 
9:15 – 9:30 Overview of WITS project 
9:30 – 9:45 Overview of Food Intake Data collection 
- Rationale behind using observation 
- Components of food intake of focus  
- Timeline 
- Schools and time period of each day 
9:45 – 10:15 SOCAFE Protocol 
- Overview of flow of events during data collection 
- Detailed explanation of the SOCAFE recording sheet  
(First section of training video) 
- Demonstration of using SOCAFE recording sheet  
(Guided practice session 1 of training video) 
10:15 – 10:45 Practice session using before-after sets of photos 
- Foods that are more liquid vs. more solid  
(spinach, chickpeas) 
- Entrées that have grain and protein combined  
(cheese pizza, mozzarella sticks, cheese manicotti, rice and 
beans)  
- Fruits that get eaten uncleanly 
- Foods that are close to 90% eaten to be rounded up to 100% 
Demonstration with actual salad bar items for salad size 
10:45 – 11:00 Guided Practice Session 2 from training video 
11:00 – 11:15 Break 
11:15 – 12:00 Test practice sessions 
- Use training video test practice sessions 1 and 2 
- Debrief after each session 
→ Compare responses 
→ Discussion of difficulties and problems + solutions 
12:00 – 12:30 SOCAFE Protocol 
- Demonstration of detailed flow of events during data collection  
→ SOCAFE FOODS 
→ Cafeteria layouts and positioning of data collectors 
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→ Table positioning and selection of subjects 
- Demonstration of standard responses to students and staff 
questions, and how to handle special situations 
12:30 – 1:30 Lunch break / Live test practice sessions 
- Data collectors split up eating lunch into two sessions to allow 
for other half to experience live practice session 
1:30 – 2:00 Debrief of lunch live test practice sessions 
- Compare responses 
- Discussion of difference between videos and in-person 
- Discussion of difficulties and problems + solutions 
2:00 – 2:45 Test practice sessions 3 and 4 
- Use training video test practice sessions 3 and 4 
- Debrief after each session 
2:45 – 3:00 Summary + Wrap-up 
- Overview of Training Day 2 next week 
 
The first day of the SOCAFE training will be held only in Teachers College. After 
introductions and icebreakers, we will review the WITS study design, rationale for using 
food intake observation, SOCAFE protocol, and SOCAFE recording sheet. Data 
collector trainees will watch the guided practice session training video. After a break, 
data collector trainees will review sets of photos to be familiar with standard school 
food, their portions, and how to gauge the amount eaten based on what is left on the 
tray. The training team will also outline the flow of steps in the SOCAFE protocol from 
start to end. Data collector trainees will then practice the protocol of recording food 
intake using the SOCAFE recording sheet with two training videos. The training videos 
were created using pretend meals using the standard school tray and WITS foods, with 
TFC staff eating pre-assigned amounts of food. After debriefing, data collector trainees 
will move on to practicing on a live practice session as they eat lunch. After lunch and 
the discussion that follows, data collector trainees will perform two more training video 




Training Day 2 
 
Time: 10:15 – 4:15 (6 hours) 
Location 1: School P4  
Location 2: Tisch Food Center, Teachers College 
 
10:15 – 10:30 Meet at school + Briefing  
- Run-through of protocol & cafeteria/table positions 
- Refresher of SOCAFE recording sheet 
10:30 – 10:50 Completion of SOCAFE FOODS + Pre-filling of SOCAFE Recording 
Sheet 
10:50 – 11:45 Warm up session with Kindergarten lunch 
IRR field practice session with observation of 2 subjects during 2nd 
Grade lunch  
11:50 – 12:45 IRR field practice session with observation of 3 or 4 subjects during 1st 
Grade lunch  
IRR field practice session with observation of 4 subjects during 3rd 
Grade lunch 
12:45 – 1:00 Quick debrief on site at Location 1 
- Discussion of difficulties and problems faced 
1:00 – 1:45 Head back to TC / Lunch 
1:45 – 2:15 Debrief of in-school field practice sessions  
- Discussion of difference between mock school lunch and actual 
school lunch of children in a cafeteria 
- Discussion of difficulties and problems faced + solutions 
2:15 – 2:45 Walkthrough of completing IRR form + Completing IRR for in-school 
practice sessions 
- Compare responses  
2:45 – 3:00 Walkthrough of completing Google Forms data entering 
3:00 – 3:30 Entering of data from in-school field practice session into Google 
Forms 
3:30 – 4:00 Cross-checking of entered data 
4:00 – 4:15 Summary + Wrap-up  
- Overview of Training Day 3 
 
NYC public elementary schools have started this week, and we will go into one non-
study Tier 2 WITS School with ongoing alternative menu to conduct an in-school field 
practice. Data collector trainees will practice the full protocol, from start to end 
(identifying 2nd or 3rd grade students with stickers, recording food intake, etc.), to be 
familiar with the flow of steps. The lead data collector can also do some 
troubleshooting and any improvements to the protocol. The data collector trainees will 
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pair up into four groups of two, with each pair starting by observing 2 students at a 
table in the first field practice lunch session. Each pair will then increase to 4 students 
observed in the second field practice lunch session. There will be short moments in 
between each lunch session to allow data collector trainees to rest, regroup, and 
troubleshoot. Data collector trainees will have a short debrief after and then return to 
TC. Back at TC, the training team will have a discussion of what went well and what did 
not, and any tips for or areas to improve on during data collection. The data collector 
trainees will learn about IRR and how to conduct it, and compare their observations 
from the field practice sessions. The data collector trainees will then learn about data 
entering and practice enter the data collected from the field practice sessions into the 
Google Forms spreadsheet. The data collected will be reviewed to check if there are 





Training Day 3 
 
Time: 10:15 – 3:15 (5.0 hours) 
Location 1: School P4 
Location 2: Tisch Food Center, Teachers College 
 
10:15 – 10:50 Meet at school + Quick Briefing + Completion of SOCAFE FOODS + 
Pre-filling of SOCAFE Recording Sheet 
10:50 – 11:45 Warm up session with Kindergarten lunch 
IRR field session with observation of 4 subjects during 2nd Grade lunch  
11:50 – 12:45 IRR field session with observation of 4 subjects during 1st Grade lunch  
IRR field session with observation of 4 subjects during 3rd Grade lunch 
12:45 – 1:00 Quick debrief on site at Location 1 
- Discussion of difficulties and problems faced 
1:00 – 2:00 Head back to TC / Lunch 
2:00 – 2:15 Completing IRR for in-school IRR field sessions 
2:15 – 2:30 Comparison of IRR 
2:30 – 2:45 Debrief of in-school IRR field sessions  
- Discussion of difficulties and problems faced + solutions  
- Ways to improve technique and confidence 
2:45 – 3:00  Confirmation of scheduling of upcoming data collection days 
3:00 – 3:15 Summary + Wrap-up  
- Confirmation of scheduling of upcoming data collection days 
- Overview of actual upcoming data collection days 
 
We will go to a non-study Tier 2 WITS School with ongoing alternative menu to 
conduct actual inter-rater reliability testing. Data collector trainees will again pair up to 
have 2 to a table of 4 students observed. The team will run this reliability testing 3 
times over 3 lunch sessions with short moments in between each lunch session to rest, 
and regroup. Data collector trainees will then return to TC, and compare their results to 
calculate their IRR. The data collector trainees will then be debriefed.  
 
Data collector trainees with higher than tolerated error rate and missing data will not 
start with data collection in the first week. These data collector trainees will continue 
with training, practice sessions and testing in the next two weeks, and if they do not 
present high accuracy and reliability in data collection, will be let go from the team.  
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(Process Implementation Evaluation and Contextual Environment of Schools) 
 
Observer: ______________ School: ______________ Date: _____/_____/______  
 
     PIECES 20151006 Data Entered By: ___________                   Date: _____/_____/______   1 
Section L1 – 2nd  Time A: _______________ Time B: _______________ Time C: _______________ Time D: _______________ 
(A) First student enters cafeteria (B) First student to get school food   (C) Last student to get school food  (D) Last student to discard tray 
 





Grain options looks appetizing    
Protein options looks appetizing    
Entrée options in serving trays look appealing (neat and consolidated to not look sparse)    
Entrée options are plated on lunch trays look presentable    








Vegetable is the first item in the lunch line    
Vegetables looks appetizing (not wilted, browning, or otherwise damaged)    
Vegetable options in serving trays look appealing (neat and consolidated to not look sparse)    
Vegetable options plated on lunch trays look presentable    





Sliced or cut fruit is available when applicable to allow ease of consumption: What is the fruit? ____________________     
Fruit options are fresh-looking (not browning, bruised, or otherwise damaged) or not frozen    
Whole fruit options are displayed in attractive bowls or baskets    
Daily fruit options are easily accessible (students can easily reach for them)    





Milk is replenished at the start of meal service so all displays appear “full”     
All beverage coolers have white milk available    
White milk represents at least 1/3 of all visible milk in all coolers    
White milk is placed in front of other beverages in all coolers    





Water jet is highly visible and located in a high traffic area: Where is water jet located? ______________________________     
Water jet dispenser is functioning properly    
Water jet dispenser is filled with drinking water    
Cups are provided by the water jet    







Salad bar is highly visible and located in a high traffic area: Where is salad bar located? ______________________________     
Salad bar is at the proper height for students    
Salad bar is structured so that students could put down their trays while taking salad    
Self-serve salad bar utensils are at the appropriate portion size for all fruits and vegetables offered    





Salad bar is replenished as needed at the start of meal service so all displays appear “full”    
Salad bar ingredients look fresh and appealing (not wilted, browning, or otherwise damaged)    
An adult is promoting taking/eating of salad: Who is promoting? ____________________    
Salad bar is manned by an adult or an older student to helps students take salad: Who is serving? ____________________     









Sneeze guards in all service areas are clean     
Tables are cleared and cleaned before lunch period    
Trash on floors, in, or near garbage cans is removed before lunch period    
Compost/recycling/tray return and garbage cans are tidied before lunch period    








Dining and service areas are clear of any clutter or non-functional equipment/supplies during service    
All lights in the dining and service areas are on and functional     
Cafeteria is at a reasonable noise level (e.g., no fighting, yelling, whistle blowing)     
Adults smile and greet students upon entering the service line: How many school food staff serving? ____________________     






Adults are helping with discipline: How many adults [not including school food staff]? ____________________    
Adults in cafeteria are promoting taking of school lunch: Who is promoting? ____________________     
Adults in cafeteria are encouraging eating of school lunch: Who is encouraging? ____________________     
Adults proactively open school lunch items in packages for students (milk carton, apples slices, baby carrots, etc.)    






School lunch is ready (under 5 min wait) when students enter cafeteria: ________ min (Time students wait for lunch: [B-A])     
School enforces a “no junk food policy” during lunch (i.e. no chips, no candies, no sodas, etc.)    
Lunch/Food is not withheld due to discipline issues    
Lunch is after recess: What is next location? Yard/Classroom; Who brings them there? ____________________ (Aid/Teacher)    





(Process Implementation Evaluation and Contextual Environment of Schools) 
 
Observer: ______________ School: ______________ Date: _____/_____/______  
 
     PIECES 20151006 Data Entered By: ___________                   Date: _____/_____/______   2 
Section L2 – 2nd  
 
2ND GRADE CHOICE/SELECTION Yes No NA 
More than one hot lunch grain option available (not including PB&J or cheese sandwich)    
More than one hot lunch protein option available (not including PB&J or cheese sandwich)    
At least two types of hot lunch vegetables are available (not including salad bar options)    
At least two types of fruit are available     
Entrée options follow the menu (no extra or leftover options)    
Vegetable options follow the menu (no extra or leftover options)    
Students can choose different combinations of grain and protein (including grain or protein option alone)    
Students can see food options in serving trays on display for selection before they are served/plated    
Grain option is pre-plated     
Protein option is pre-plated    
Vegetable is pre-plated to help establish as norm     
Fruit is pre-plated/distributed to students in cafeteria by adults after they have started eating    
Food items taken on school lunch trays are assessed for meeting reimbursable criteria    
Students who do not have a full reimbursable meal are prompted to select a fruit/vegetable/3rd option     
 
 
2ND GRADE LUNCH Yes No NA 
Students have to maintain low noise level/silence during lunch    
Students have to remain seated during lunch    
Co-located schools use the same lunchroom    
Students of both genders have lunch together    
Different grades shared the same lunch period: Which grades? ____________________     
Utensils were provided for lunch period: What utensils? ____________________     
 
 
2ND GRADE FOOD ENVIRONMENT Yes No NA 
A monthly menu is visible and readable within service and dining areas    
Posters displaying healthful foods are visible and readable within service and dining areas    
Signage/posters/floor decals are available to direct students toward all service areas    
Dining space is branded to reflect student body or school (school lunchroom is named for school mascot or local hero/celebrity)    
Students artwork is displayed in the service and/or dining areas    
 
 
2ND GRADE WITS FIDELITY Yes No NA 
School has switched to the WITS alternative menu: Date of the switch? ____________________     
White milk is the only milk option (i.e. No sweetened milk)    
WITS Cook is working in the kitchen: When did the Cook start / was the Cook supposed to start? ____________________     
WITS Cook is present in the cafeteria    
Salad bar has at least 6 individual components: How many components? __________     




Appendix 3.12 Scoring Rubric for Lunch PIECES Items 
 
Lunch PIECES Item Scoring Rubric  
 
Source of Item 
¢ = Created by Ian/Margarida/Pam 
¢ = Smarter Lunchroom Scorecard 
¢ = FoodCorps Progress Report 
¢ = DOE Wellness Scorecard 
¢ = Kubik’s Principal Survey (TEENS Assessment, 2005) 
¢ = School Health Index 
 
Lunch PIECES Section L1 
 
School Lunch Items Response Criteria 
Grain options looks appetizing (Use discretion) 
Protein options looks appetizing (Use discretion) 
Entrée options in serving trays look appealing (neat and 
consolidated to not look sparse) 
Select “Yes” if school lunch staff consistently scoops from one 
side of serving tray and/or redistributes food in serving tray to 
look neat and consolidated. 
Entrée options are plated on lunch trays look presentable Select “Yes” if entrée options are plated within individual 
compartments of lunch tray, and not spilling over (except for 
larger food items like pizzas and wraps). 
At least one grain and protein option is always available in all 
food service areas 
Select “Yes” as long as there is one option of grain and one 
option of protein available. 
Vegetable is the first item in the lunch line Select “Yes” if the serving tray(s) for vegetables is placed 
closer to the start of the lunch line than the serving trays for 
entrée options.  
Vegetables looks appetizing (not wilted, browning, or 
otherwise damaged) 
(Use discretion) If there was more than 1 lunch line, select 
“Yes” only if all lunch lines had vegetable options and 
students did not have to stand in another line to get 
vegetables.  
Vegetable options in serving trays look appealing (neat and 
consolidated to not look sparse) 
Select “Yes” if school lunch staff consistently scoops from one 
side of serving tray and/or redistributes food in serving tray to 
look neat and consolidated. 
Vegetable options plated on lunch trays look presentable Select “Yes” if vegetable option is plated within individual 
compartments of lunch tray, and not spilling over. 
At least one vegetable option is always available in all food 
service areas 
Select “Yes” as long as there is one vegetable option 
available in each food service area. 
Sliced or cut fruit is available when applicable to allow ease of 
consumption: ____________________ (What is the fruit?) 
Fruit options that this is applicable to: Apple, Orange, 
Pineapple, and Peach (or any stone fruit). Fruits that this is not 
applicable to: Banana, Grapes, Berries – write “NA” across 
boxes. 
Fruit options are fresh-looking (not browning, bruised, or 
otherwise damaged) or not frozen 
(Use discretion) 
Whole fruit options are displayed in attractive bowls or 
baskets 
Select “Yes” if more than 50% of whole fruits were in 
attractive bowls or baskets. If fruit options were not whole 
fruit, write “NA” across boxes.  
Daily fruit options are easily accessible (students can easily 
reach for them) 
Select “Yes” if at least one fruit option is on a counter next to 
or in front of meal service area, and are at a height below 4 
feet. Select “No” if fruits are placed on top of food display 
counter or behind meal service area. 
At least one fruit option is always available in all food service 
areas 
Select “Yes” as long as there is one vegetable option 
available in each food service area. 
Milk is replenished at the start of meal service so all displays 
appear “full”  
Select “Yes” if all of the top level milk crates in the coolers are 
filled to at least 75% with milk.  
All beverage coolers have white milk available Select “Yes” if there is at least one carton of white milk in the 
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top level of milk crates.  
White milk represents at least 1/3 of all visible milk in all 
coolers 
Count only the milk cartons in the top level of milk crates in 
the coolers, and divide the number of white milk cartons (fat-
free/skim and 1%) by the total number of milk cartons.  
White milk is placed in front of other beverages in all coolers Select “Yes” if the top level of milk crates closest to the 
opening of the coolers (usually two or three) is all filled with 
only white milk.  
Milk cartons are not leaking/damaged, not expired and not 
frozen 
Select “No” if there were any leaking/damaged, expired or 
frozen milk cartons from the cooler.  
Water jet is highly visible and located in a high traffic area: 
______________________________ (Where is water jet 
located?) 
Select “Yes” if the water jet is before, after or part of the meal 
service area, in the center of the cafeteria, or in a high traffic 
area. 
Water jet dispenser is functioning properly Select “Yes” if the dispenser contains liquids and can 
dispense that liquid. 
Water jet dispenser is filled with drinking water  
Cups are provided by the water jet  
An adult or an older student is helping dispense water from 
water jet: ____________________  (Who is dispensing?) 
Select “Yes” only if the adult or older student is stationed next 
to the water jet with the main purpose of helping dispense 
water from the water jet. Select “No” if a student has to ask 
an adult or older student to go to the water jet to help 
him/her. 
Salad bar is highly visible and located in a high traffic area: 
______________________________ (Where is salad bar 
located?) 
Select “Yes” if the salad bar is before, after or part of the meal 
service area, in the center of the cafeteria, or in a high traffic 
area 
Salad bar is at the proper height for students Select “Yes” if the salad bar is at a height 3 feet or lower. 
Salad bar is structured so that students could put down their 
trays while taking salad 
Select “Yes” if salad bar has a built-in counter that is folded 
up or there is an additional counter set up next to or in front 
of salad bar.  
Self-serve salad bar utensils are at the appropriate portion size 
for all fruits and vegetables offered 
Select “No” if there is any instance observed of a student 
struggling with picking up the salad bar ingredients e.g. ladle 
for tomato slices, or thongs for corn.  
Salad bar is kept neat and tidied up before lunch period Select “Yes” if salad scraps around salad bar are 
swept/cleaned up, and salad bar ingredients in trays were 
tidied up. 
Salad bar is replenished as needed at the start of meal service 
so all displays appear “full” 
Select “Yes” if salad bar trays were rearranged to appear 
“full”, filled up or a new full one brought out for the start of 
the lunch period. 
Salad bar ingredients look fresh and appealing (not wilted, 
browning, or otherwise damaged) 
Select “Yes” if salad ingredients are not wilted, brown, or 
otherwise damaged. 
An adult is promoting taking/eating of salad: 
____________________ (Who is promoting?)  
Select “Yes” if an adult has at least once informed at least one 
student that salad bar is being offered today, where the salad 
is located, and/or what the salad bar options are. Select “Yes” 
if an adult has at least once verbally encouraged at least one 
student to take salad, to eat salad. Select “Yes” if an adult has 
at least once walked around with salad from salad bar to 
conduct taste tests with or to show/distribute salad to 
students.   
Salad bar is manned by an adult or an older student to helps 
students take salad: ____________________ (Who is serving?) 
Select “Yes” only if the adult or older student is stationed next 
to the salad bar with the main purpose of helping serve salad 
from the salad bar. Select “No” if a student has to ask an 
adult or older student to go to the salad bar to help him/her.  
Salad from salad bar is distributed to students around 
cafeteria by an adult: ____________________ (Who is 
distributing?) 
Select “Yes” if the adult walks around with salad from salad 
bar to distribute to students (not to show or conduct taste 
test), or takes requests from students to bring certain items 
from salad bar to them. 
Sneeze guards in all service areas are clean  (Use discretion) 
Tables are cleared and cleaned before lunch period Select “Yes” if at least 75% of the dining tables had trays and 
food scraps cleared, and were wiped thoroughly. 
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Trash on floors, in, or near garbage cans is removed before 
lunch period 
Select “Yes” if at least 75% of the food scraps and trash was 
swept up and cleared, and spills mopped up. 
Compost/recycling/tray return and garbage cans are tidied 
before lunch period 
Select “Yes” if trash in all the garbage/recycling cans that are 
more than 25% filled are completely emptied.  
Compost/recycling/tray return and garbage cans are at least 
5ft away from dining students 
Select “Yes” only if the closest distance between a 
garbage/recycling can and any table with seated students is 
5ft or more. 
Dining and service areas are clear of any clutter or non-
functional equipment/supplies during service 
Select “No” if tray racks, cooking equipment, cleaning 
equipment/supplies, are in the way of the lunch line or route 
to the garbage/recycling cans, or on any counter tops or 
dining tables.  
All lights in the dining and service areas are on and functional  Select “No” if at least one light is off/non-functional (unless 
they are part of a set of lights that are not in use or 
intentionally switched off).  
Cafeteria is at a reasonable noise level (e.g., no fighting, 
yelling, whistle blowing)  
(Use discretion) 
Adults smile and greet students upon entering the service 
line: ____________________ (How many school food staff 
serving?) 
Select “Yes” if this occurred more than 50% of the time.  
Adults have good rapport with students (Good Rapport: 
Communication is completed in a friendly and polite manner) 
Good Rapport: Communication is completed in a friendly and 
polite manner. Select “Yes” if this occurred more than 50% of 
the observable communications. 
Adults are helping with discipline: ____________________ 
(How many adults [not including school food staff]?) 
Select “Yes” if an adult has at least once told students to 
stand orderly in line, to sit down/return to their seats, to sit at 
a certain location, to keep to themselves, to eat their food, to 
ask for permission before standing up/leaving, to keep noise 
level down, or to count/clap to pay attention.  
Adults in cafeteria are promoting taking of school lunch: 
____________________ (Who is promoting?) 
Select “Yes” if an adult has at least once verbally encouraged 
at least one student to take school lunch if they were not 
going to (not just to announce their turn to stand in line for 
school lunch).   
Adults in cafeteria are encouraging eating of school lunch: 
____________________ (Who is encouraging?) 
Select “Yes” if an adult has at least once verbally encouraged 
at least one student to eat their school lunch or to finish their 
school lunch.  
Adults proactively open school lunch items in packages for 
students (milk carton, apples slices, baby carrots, etc.) 
Select “Yes” if an adult has at least once opened packages for 
students without them requesting.   
Adults dine in the lunchroom with students: 
____________________ (Who is dining?) 
Select “Yes” if an adult ate school lunch or salad bar in the 
lunchroom with the students.   
School lunch is ready (under 5 min wait) when students enter 
cafeteria: ________ min (Time students wait for lunch: [B-A])  
The time students have to wait for lunch is calculated by 
subtracted the time the first student enters cafeteria (A) from 
the time the first student in the lunch line gets his/her food 
(B).  
School enforces a “no junk food policy” during lunch (i.e. no 
chips, no candies, no sodas, etc.) 
Select “Yes” if an adult instructs a student to stop eating 
chips, candies or sodas during lunch period, and/or removes 
those food items.  
Lunch/Food is not withheld due to discipline issues Select “No” if an adult has at least once verbally threatened 
or instructed at least one student that they have to stop eating 
or cannot take school lunch because of discipline issues. 
Lunch is after recess Select “Yes” only if students do not go back out to the recess 
yard for recess.  
Students have at least 15 minutes to eat school lunch: 
_________ to ________ min (Range of time students have: [D-
C] to [D-B]) 
The shortest amount of time students have for lunch is 
calculated by subtracting the time the last student leaves 
lunch line (C) from the time the last student discards his/her 
tray (D). The longest amount of time students have for lunch is 
calculated by subtracting the time the first student leaves 
lunch line (B) from the time the last student discards his/her 
tray (D). This shortest and longest amount of time gives the 
range of time students have for lunch.  
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Lunch PIECES Section L2 
 
Choice/Selection Items Response Criteria 
More than one hot lunch grain option available (not including 
PB&J or cheese sandwich) 
 
More than one hot lunch protein option available (not 
including PB&J or cheese sandwich) 
 
At least two types of hot lunch vegetables are available (not 
including salad bar options) 
 
At least two types of fruit are available   
Entrée options follow the menu (no extra or leftover options) If there was more than 1 grain option available, select “No” if any 
entrée option served was not an item listed on the menu. If an 
entrée option ran out and was switched halfway during lunch 
period to another option, select “Yes” only if the other option is 
also an item listed on the menu. 
Vegetable options follow the menu (no extra or leftover 
options) 
If there was more than 1 vegetable option available, select “No” if 
any vegetable option served was not an item listed on the menu. 
Students can choose different combinations of grain and 
protein (including grain or protein option alone) 
If the grain and protein options are not combined as one 
entrée item, select “Yes” if student can choose grain or 
protein option alone, or can mix and match different 
combinations of grain and protein. If trays are pre-plated, 
select “Yes” if lunch staffs pre-plate various combinations for 
selection.  
Students can see food options in serving trays on display for 
selection before they are served/plated 
Select “No” if students just get plated trays without seeing 
the food options before selection, or if lunch line passes 
countertop of pre-plated lunch trays before serving trays of 
foods. 
Grain option is pre-plated  Select “Yes” if grain option was plated on the lunch trays 
before students arrived and/or students picked from already 
laid out trays with grain option, and if this occurred >50% of 
the time.   
Protein option is pre-plated Select “Yes” if protein option was plated on the lunch trays 
before students arrived and/or students picked from already 
laid out trays with protein option, and if this occurred >50% of 
the time.   
Vegetable is pre-plated to help establish as norm  Select “Yes” if vegetable option was plated on the lunch trays 
before students arrived and/or students picked from already 
laid out trays with vegetables, and if this occurred >50% of 
the time.   
Fruit is pre-plated/distributed to students in cafeteria by 
adults after they have started eating 
Select “Yes” if fruit option was plated on the lunch trays by 
staff and/or students picked from already laid out trays with 
fruits, and if this occurred >50% of the time. Select “Yes” if 
adults went around cafeteria with fruits to hand out after 
students have sat down and started eating.  
Food items taken on school lunch trays are assessed for 
meeting reimbursable criteria 
Select “Yes” only if school lunch trays are assessed after 
student leaves lunch line. Select “No” if students’ names are 
checked off on a list or computer before they take their food. 
Students who do not have a full reimbursable meal are 
prompted to select a fruit/vegetable/3rd option  
Select “Yes” only if after school lunch trays are assessed that 
an adult/staff instructs the student to take a fruit/vegetable/3rd 
meal component, or adds that option on the tray. 
 
 
Lunch Items Response Criteria 
Students have to maintain low noise level/silence during lunch 
Select “Yes” if adults are constantly enforcing low noise levels 
or silence during the lunch period. 
Students have to remain seated during lunch 
Select “Yes” if students have to remain seated and cannot 
stand up and walk around during lunch period unless they 
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have requested for permission.  
Co-located schools use the same lunchroom 
Select “Yes” if there is a co-located school in the building and 
they share the cafeteria (don’t have to be the same time). 
Students of both genders have lunch together Select “Yes” if both genders are in the same cafeteria. 
Grades that share the same lunch period 
List the grades that are also in the cafeteria during that lunch 
period with the 2nd or 3rd grade students. 
Utensils provided for lunch period List the utensils provided that lunch period. 
 
 
Food Environment Items Response Criteria 
A monthly menu is visible and readable within service and 
dining areas 
Select “Yes” if there is a SchoolFood menu for the month in 
the cafeteria. 
Posters displaying healthful foods are visible and readable 
within service and dining areas 
Select “Yes” if there is a poster of fruits or vegetables. 
Signage/posters/floor decals are available to direct students 
toward all service areas 
Select “Yes” if there are signs with arrows (to point towards 
service line or the direction of lunch line), names by doorways 
(to indicate service area or cafeteria), or names of food items 
self-serving equipment (to indicate milk, water jet or salad 
bar). 
Dining space is branded to reflect student body or school 
(school lunchroom is named for school mascot or local 
hero/celebrity) 
Select “Yes” if there is any design work with school name, 
school mascot/flags, or cafeteria name. Select “Yes” if there 
are any photos of students or local heroes/celebrities in the 
school 
Students artwork is displayed in the service and/or dining 
areas 
Select “Yes” if there are any student artworks displayed in the 
cafeteria, or if any of the wall murals in the cafeteria was 
painted by the students.  
 
 
WITS Fidelity Items Response Criteria 
School has switched to the WITS alternative menu: 
____________________ (What was the date of the switch?) 
 
White milk is the only milk option (i.e. No sweetened milk) Select “No” if there is chocolate milk.  
WITS Cook is working in the kitchen: ____________________ 
(When did the Cook start / was the Cook supposed to start?) 
Select “Yes” if the WITS Cook helps with school lunch 
preparation in the kitchen. 
WITS Cook is present in the cafeteria Select “Yes” if the WITS Cook is in the cafeteria when school 
lunch is being served (serving school lunch/salad bar, 
promoting school lunch/salad bar, conducting taste tests, or 
talking to students) 
Salad bar has at least 6 individual components: __________ 
(How many components?) 
 




Appendix 5.1 Table of unadjusted mean amount of food consumed for WITS and Control 
schools at Time 0 and Time 1 
 
Food Group 
Time 0 Amount Time 1 Amount 
Control WITS Control WITS 
n Cups (SD) n Cups (SD) n Cups (SD) n Cups (SD) 
Grain Cups Eaten (when on tray)# 688 0.255 (0.220) 674 0.226 (0.225) 658 0.252 (0.237) 660 0.242 (0.259) 
Cups Eaten (all students)+ 701 0.251 (0.221) 678 0.224 (0.225) 725 0.228 (0.235) 667 0.239 (0.259) 
Protein Cups Eaten (when on tray)# 699 0.298 (0.269) 673 0.258 (0.232) 713 0.333  0.278) 663 0.288 (0.278) 
Cups Eaten (all students)+ 701 0.296 (0.270) 678 0.256 (0.232) 725 0.326  0.277) 667 0.286 (0.278) 
Fruit Cups Eaten (when on tray)# 538 0.185 (0.215) 504 0.270 (0.255)  603 0.255  0.249) 547 0.263 (0.246) 
Cups Eaten (all students)+ 700 0.140 (0.205) 676 0.200 (0.250)  725 0.207  0.245) 666 0.205 (0.243) 
Vegetable Cups Eaten (when on tray)# 311 0.050 (0.140) 414 0.075 (0.175) 344 0.079 (0.174) 527 0.109 (0.220) 
Cups Eaten (all students)+ 669 0.025 (0.100) 663 0.045 (0.145)  710 0.032 (0.118) 662 0.076 (0.191) 
Salad Cups On Tray 67 0.355 (0.164) 110 0.471 (0.188) 70 0.390 (0.180) 107 0.395 (0.191) 
Cups Eaten (when on tray)# 67 0.100 (0.145) 110 0.169 (0.174) 70 0.138 (0.152) 107 0.154 (0.188) 




Appendix 5.2 Table of unadjusted mean percentage of students with any food on tray and any 
food consumed for WITS and Control schools at Time 0 and Time 1 
 
Food Group 
Time 0 % Students  Time 1 % Students 
Control WITS Control WITS 
n %  (SD) n %  (SD) n %  (SD) n %  (SD) 
Grain 
 
Any On Tray 701 98  (12) 678 99  (9) 725 90  (29) 667 99  (9) 
Any Eaten (when on tray)# 688 79  (41) 674 70  (46) 658 71  (45) 660 68  (47) 
Any Eaten (all students)+ 701 78  (42) 678 69  (46) 725 64  (48) 667 67  (47) 
Protein Any On Tray 701 100  (5) 678 99  (9) 725 99  (12) 667 99  (8) 
Any Eaten (when on tray)# 699 79  (41) 673 77  (42) 713 79  (41) 663 75  (43) 
Any Eaten (all students)+ 701 78  (41) 678 76  (43) 725 78  (42) 667 75  (44) 
Fruit Any On Tray 702 77  (42) 678 74  (44) 733 81  (39) 667 78  (42) 
Any Eaten (when on tray)# 538 59  (49) 504 66  (47)  603 69  (46) 547 69  (46) 
Any Eaten (all students)+ 700 44  (50) 676 49  (50) 725 56  (50) 666 54  (50) 
Vegetable Any On Tray 669 46  (50) 669 63  (48)  715 41  (49) 667 70  (46) 
Any Eaten (when on tray)# 311 23  (42) 414 26  (44) 344 27  (44) 527 31  (46) 
Any Eaten (all students)+ 669 11  (31) 663 16  (37)  710 11  (32) 662 21  (41) 
Salad Any On Tray 67 13  (34) 110 21  (41)  584 12  (33) 571 19  (39) 
Any Eaten (when on tray)# 67 51  (50) 110 75  (44)  70 77  (42) 107 73  (45) 
Any Eaten (all students)+ 514 7  (25) 512 16  (37)  583 9  (29) 571 14  (34) 
 
